UNCLASSI

A D BQMQ 7 |

)

\
| e =
AUTHOR;'TY: /iﬁWé Z /ﬁ
WA Y &2
BEST AVAILABLE Copy

HN@LASSE FEED



0602?7
3
N

g’q AFWAL-TR-80-3133

(Q STUDY TO EXPAND SIMULATION COCKPIT
«X DISPLAYS OF ADVANCED SENSORS

J. UNTERREINER
D.L. PETERS
K.S.L. SETTY

LINK FLIGHT SIMULATION DIVISION
COLESVILLE ROAD
BINGHAMTON, NEW YORK 13902

MARCH 1981

FINAL REPORT FOR PERIOD 6 OCTOBER 1979 - 6 OCTOBER 1980

,/“ )" l
fCT TO EXPORI CONTROINAWS=TFiIS DOCHMENT C
~-,* 5 MUNIK NSOF AR) ; Ponro DRE INFORN
LEASE DREIGH W ONALSW THE UNMED SATES\Y
FORT LISENSE, IS ATION-Off YHE\NTERNATION
ey violAaN 1s G EC,. 70 AlPENARTY O

INCH ” ‘#,“ ICEA v’ﬁEPRL,ceﬁicm\Tro»erm&\-
' 7 .
, FLIGHT DYNAMICS LABORATORY :)TE"”"

AIR FORCE WRIGHT AERONAUTICAL LABORATORIES

AIR FORCE SYSTEMS COMMAND Y
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433 ,

DSTRBTHCN STRTEMENT X H

mbutlcm Uul!m.!tod

e e e e . y

‘U v
L N O




NOTICE

When Government drawings, specifications, or other data are used for any purpose other than
in connection with a definitely related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the said drawings, speci-
fications, or other data, is not to be regarded by implication or otherwise as in any manner
licensing the holder or any other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be related thereto.

LIMITED RIGHTS LEGEND

EXPLANATION OF LIMITED RIG
SECTIONS 382. 05 oy

THOSE PORATIONS OF THIS TECHANOAL DATA (NDICATED ASLIMITED RMIGHTS OATA SHALL NOT WITHOUT
THE WRITTEN PEAMISSION OF THA \ 8
INWHOLE OR INPAARY QUTSIDE Tw .
FOR MANUFPACTURE OR IN THE CaA COMPUTER SOFTWARE DOCUMENTATION FOR FREPARING THE
SAME OR SIMILAR COMPUTER SOF
EXCEPT FOR (1) EMERCENCY REPAIR Q
THE ITEM QR PROCESS CONCEANED 1S QYHEAWISE REASONABLY AVAILABLE TO ENABLE TIMELY
PEARQAMANCE OFTHE WORK PROVIDEN
GOVERNMENT SHALL B8E MADE SUNIECY
CLOSURE QR (v} MELEASE TO A FOREICH GR FRUMENT AS THE INTEREST OF THE UNITED STATES MAY
N WITHIN SUCH GOVEANMENT OR FOR EMERQENCY

THIS LEGEND. TOCETHER wiTK T IHDICATIONSND THE POATIONS OF THIS DATA WHICH ART SUBJECT
TO SUCH LIMITATIONS SHALL INCLUDED ON ANX\REPRODUCTION THEREOS WHICKH INCLUDES ANY
PART OF THE PCRTIONS SUBIRET TO SUCH LIMITATIO

- \

This technical report has been reviewed and is approved for publication. S ”&5‘
)
\ .

/ZMOZA%@@) (Rs v st

ROBERT QUAGLIERI PAUL E. BLATT, Chief
Project Engineer Control Synthesis Branch

HE COMMANDER

ROBERT C. ETTINGER, C
Flight Control Dlvision

8AF, Chief

“If your address has changed, if you wish to be removed from our mailing list, or if the
addressee is no longer employed by your organization please notify _ ATWAL/FIGD ,
W-PAFB, OH, 45433, to help us maintain a current mailing list.”

Copies of this report should not be returned unless return is required by security consideration,
contractual obligations, or notice on a specific document.

BEST AVAILABLE COPY




REPRODUCTION QUALITY NOTICE

This document is the best quality available. The copy furnished
to DTIC contained pages that may have the following quality
problems:

e Pages smaller or larger than normal.

¢ Pages with background color or light colored printing.

e Pages with small type or poor printing; and or

e Pages with continuous tone material or color
photographs.

Due to various output media available these conditions may or
may not cause poor legibility in the microfiche or hardcopy output
you receive.

J If this block is checked, the copy furnished to DTIC
contained pages with color printing, that when reproduced in
Black and White, may change detail of the original copy.



SECURITY CLASSIFICATION OF THIS PAGE ' ithen Durag Entervd)

KREPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM "

1. REPORYT NUMRBER 2. QOVT ACCESSION NO.

AFWAL-TR-80-3133

3. RECIPIENT'S CATALOG NUMBER

4. TITLE funo Suontie)

STUDY TO EXPAND SIMULATION COCKPIT DISPLAYS
OF ADVANCED SENSORS '

5 TYPE QF REFORT AND PERIOD COVEKRED
Final Study Report .
b October 1979-6 QOctober 1980

8. PERFORMING ORG. REFPORT NUMBER

LR 1018

7. AUTHOMY)

J. Unterreiner

. L. Peters
K. S, L, Setty

8. CONTRACT OR GRANT NUMBERIS)

F33615-79-C-3621

9. PERFOAMING QRAGANIZATION NAME AND ADDRESS
The Singer Company - Link Flight Simulation
Colesville Road Division
Binghamton, N.Y. 13902

10. PROGRAM ELEMENT,  PROJECT, TASY
AREA & WORK UNIT NUMBERS

Project No. 2403

11. CONTROLLING OKSICE NAME AND ADDRESS

Air Force Wright Aeronautical Lab
Control Synthesis Branch (FIGD)
Wright-Patterson AFB, OH 45433

12. REPORY DATE

Nocvember 1980

13. NUMBE"R OF PAGES

15. SECURITY CLASS (Gf /1S refiort)

14. MONITORING AGENCY NAME & ADDRESS [/f aiflerent Irom contrainmng ortice)

l Unclassified

15s. DECLASSIFICATION/DOWNGRADING

SCREDULE N/A

18. OISTAIBUTION SCHEOULE (of thrs repor)

L AP D e e o et g
i

D¥sAribytion/]imited to U.S< dvernment agagcies only; p»ioritff tatement
app R eg SptIXTy 892 Othe ";"M‘ doetfimeRi_ mil” bANGe f grerod-to
3~ / - - g el . -
F,1 nf’ f'? .. 9 g / somdeEEorece Base, Ohid—"45433: s
- r
!
V7. DISTRIBUTION STATEMENT (of the gostract enterea in Block 20. if different from Report) §
Approved for public release; distribution unlimited. :
18. SUPPLEMENTARY NOTES %
f

19. xevwonos  Sensor, Sensor Displays, .
Low Altitude Navigation and Targeting Infrared for Night (LANTIRN), Target

Acquisition and Designation System (TADS), Pilot Night Vision System {PNVS),
Laser Radar, Low Light Level Television (LLLTV), Forward Looking Infrared
(FLIR), Synthetic'Aperture Radar (SAR), Camera Modelboard System, Computer

¢ | Generated Image, DRLMS, ARLMS, Multispectral Tarqet Cuing (MYSTIC).

20 ABSTRAGCY /Continue on reverse side if necessary and identity by 0lock number)
This contractual effort was directed to the study to determine, examine and

v evaluate the cost and effectiveness of alternate methodologies for providing
simulation capabilities of airborne sensor displays likely to be operational
on combat aircraft throughout the 1980's and early 90's at levels of fidelity
appropriate to R&D in flight simulation at the Flight Dynamics Laboratory

BT A T A e % el A v e

tataigars ¢

T Y NS e iy e X

EDITION OF 1 NOV 65 1S OBSGLETE

FORM
oD 1JANT73 1473

SECURITY CLASSIFICATION OF TS PAGE ( Ahen Dorg Enteree!)

........

- aloanloa




SECURITY CLASBIFICATION OB THIS PAGR /It hen Lu s frrred)

f technology of Low-
"] (FLIR), Synthetic Aperture Radar (SAR), and Laser Radar,

20. ABSTRACT - continued

This study examined the state of the art and the projected technology of sen-
sor systems adaptable to the combat aircraft engaged in threat environment in
varied atmospheric weather conditions 1n dawn, dusk, night and day light.

Some of the advanced sensor systems which were the focus of attention are the
Low Altituda Navigation and Targeting Infra Red system for Night (LANTIRN),
Target Acquisition/Designator System (TADS), Pilot Night Visual System _
(PNVS), and Mult1stectral Target Cuing (MYSTIC), These systems employ some:
ight Level Television (LLLTV), Forward Looking Infrared

The methodologies of simulating these sensor syétems and integrating tham to
the out-of-the-cockpit image generation systems available at FOL for full

| misgion environmant were investigatecd and recommendations addressing the

future additions to and madifications of the facilitias at FDL were presented.

1 The result of this study should enatle the Flight Dynamics | '

Laboratory to decide what furthar sffort should be expended 1n the area of
visual and sensor dis?1ay a8 part of the B-year plan for expansion and im-
provement of enginearing R8D in flight simulation capability.

ii SECURITY CLASBBIFICATION OF THIS PAGR (When Duta L.ntered)




PREFACE

This final report covers the work accomplished during the
period October 1979 = October 1980 under the Contract F33615-
79-C-3621 entitled, "Study to Expand Simulation Cockpit Displays
of Advanced Sensors." This work was supported by the Air Force
Flight Dynamics Laboratory, AFSC, Wright-Patterson AFB, Ohio
45433, and was accomplished under the program direction of
V. Faconti.

Special acknowledgement is given to the following individuals
of The Singer Company/Link Flight Simulation Division for thelir
technical contribution to the project: G.G, Abbey,

P.J. Bellocchio, F.A, Dietrich, G.M. Belva, E. Cohen,

F.J. Filorenza, H.L. Herz, R.B., Jewett, S.N. Knight,

F.P. Lewandowski, R.B., Mallinson, R.E, McClenahan, C.C. Mikoda,
M. Millard, D.L. Peters, K.S.L, Setty, J. Unterreiner, and

M.J, Witschi,

The following individuals should be acknowledged for their
presentations to Link:

Hughes Aircraft Company
Electro-Optical and Data Systems Group
Dr. Antonio J. Mendez
Tarricia Du Puis
John W. Doak
Radar Systems Group

william B, VanHorne docersion Por
NTIS cRAax'°_'"E§":j
DTIC T4iB ~
Texas Instruments Incorporated Unannsunced E
Electro-Optics Division Justificatten |
Kirby Taylor By
Bob Smythe | Distribution,

Availubiiity Codes
Avell ani/or
Diet Cpocial
[

AN

114

PR

PO TR S FLPY __f Iy

PRI

Y s S S TEEEEL. . - e

s - T RN -




Radar and Digital Systems Division

Thomas Eugene Harwell
Kenneth D. Kiesling
John Grimm

Independence Scale Model Corporation
John ¥F. Morelli

Simulation Systems Incorporated

Harry Franke

The following Air Force personnel should be acknowledged for
providing briefings to Link in the future of sensor systems:

Major W. Brandt, USAF Program Director

R.E. Quaglieri, Project Engineer

Captain Mike Poore, AFAL Reconnaissance & Weapon Delivery
Division

Lieutenant James Offen, AFAL/RWT

Jerry Pasek, AFAL/RWM

Squadren Leader Stewart Brussell, RAF attached to AFAL

Gil Kuperman, Air Force Material Research Laboratory (AMRL),
H/HEA

BEST AVAILABLE Copy

iv



SUMMARY

In many airborne scenarios, the use of sensors to aid and ex-
. pand the ability and effectiveness cf the flight crew has become
o of yriml interest. The Flight Dynamics Laboratory (FDL) is deeply
L;flb : concerned with the evaluation of innovative concepts in flight con-
trol and consequently has defined a need for a simulation facility
;<which lupportl experiments in this area.

, A There are many sensors and technologies emerging which might
'7intluqnco £liqht and mission control. The myriad of possibilities
;ﬂmntt bo limulatod otfcctiv.ly by providing capabilities in major
crtul nnd then allowing sufficient flexibility to tailor the simu-
ll%ion to lpccific experimental and mission regquirements.

s th pilot is recognised as an integral part of the total
,a,tllqht control lyltom and FDL is actively involved in experiments
- 1n;ograco lnd correlate new system technologies which result in
. orew wor&ioud rcduct*onn. FDL's simulation facility must there-
!ort bo ruuponsivo to the sensor related advancements in flight
tonhnolcgy. '

This study, then, examines the advanced sensor simulation
requirements at FDL and proposes solut ons which lie within the
constraints of available technology and the Statement of Work
(SOW) .

A simulator facility allows rapid design and execution of
exper iments which, in the real world, might cause costly hardware
changes or dangers to crew membars. The simulation also allows
the introduction or exclusion of factors which may focus the

. experiment more clearly on specific sensor-associated areas of
interest,




In order to arrive at simulation hardware configurations and
'ljltom specifications, it is necessary to examine the types of
sensors and the mission environments which are of concern to FDL.
Th.l! aroau of interest are defined in the 5-Year Plan and include
7 tho !ollowing sensors: television (TV), low-light-level TV

tf,(LLLTV). infrarod (IR), forward-looking IR (FLIR), forward-looking
" “radar (FLR), synthetic aperture radar (SAR), and laser radar.

el ﬂunlorl !lll into two general categories: radar devices and
”—tilcotro-optical (E=0) devices®*. In the first category, only air-
"""" " borne ra&lrl were considered in light of FDL requirements. The
fﬁltudy notes thlt although changes are taking place, the technology
- rjil mlturo and no fundamental changes are expected in the near fu-
“i{fturi. What 1| expected are changes in processing capability and
vﬁvflutopgiﬁon as a function of improvements in on-board and dedicated
"»prnccliinq clplbilitiel. The major implication is that as radar
§ bccomol more digitnlly oriented and as computer symbology and de-
3T;;§fcilian making bocomol more extensive, the digital radar simulation
- gaehniquol become more feasible. Existing analog radar simulation
devices can be used to give interim capability until the cost and
acquisition burdens of a more sophisticated system can be over-
come.,

Electro-optical sensors have been the target of more techni-
cal activity and advancements which will affect simulation. The
simulation will have to respond to varying fields of view, to vari-
ous resolutions, and to many different sensor signatures. When
atmospheric and weather attenuations are added, the simulation
problems become extremely complex. Only a digital image generator

§~ *Technically, there is a third category of far infrared (FIR)

N gensors operating at wavelengths beyond 30 micrometers; however,
these sensors can be simulated by the same techniques used for E-0
sensors.
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has the flexibility to handle all of these problems and still pro-
vide a real-time interface to flight-control. Again, existing
hardware can be used to gain interim capability through judicious
modifications.

Two programs sponsored by FDL are typical examples of sensor-
oriented research and the type of missions concerned. The Inte-
graéqdf?ltqht/?irc Contrel (IF/FC) program and the Integrated
Flight/Weapon Control (IF/WC) program both use sensor derived data
(electro~optical sensor/tracker) to enhance flight maneuvers for
better accuracy in weapons delivery. The Low Altitude Navigation
and Targeting Infrared System For Night (LANTIRN) is anothar exam-
ple of mission and hardware requirements which this simulation
must support. LANTIRN is an advanced system combining low=-level,
night, and adverse navigation with target acquisition and weapons
delivery. A wide field-of-view IR sensor is employed for naviga-
tion with a narrow fleld=cf-view capability for target acquisition
weapon delivery. Other advanced sensor systams like Target Acqui-
sition Designation 8ight (TADS) and Pilot Night Vision Sensor
(PNV8) provide the aircraft pllot/gunner with day, night, and
adversa weather target acquisition capability by means of direct
view optics (DVO), day television (DTV) and FLIR sighting subsys-
tems need to ba simulated.

In general, the requirements for sensor systems lie in the
following areas:

o Reconnaissance

o} Navigation

o Target Acquisition
e} Fire Control

o] Weapon Guidance

with major emphasis on crew eurvival and effectivaness.

The simulation facility must support not only current pro-
grams#, but must contain sufficient tlexibility to accommodate new

vii
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developments throughout the next decade and support the eventual

goal of total mission simulation.

In order to obtain simulation capabilities at a reasonable
cost and in a reasonable time, the bounds of current technology
must not be exceeded. Only three types of image generators meet
these requirements. These are the camera model system, the digi-
tal image generator (DIG), and film or video tape systems. The
study examines each in detail and concludes that the DIG is the

preferred solution.

However, the existence at FDL of simulation hardware such as
camera models systems (MS) and a T-10 analog radar landmass simu-
lator (ARLMS), along with acquisition costs and time, create
restrictions which affect the selection and performance of new
hardware. The study proposes a modification program to gain
interim capability through the use of existing CMS's. Although
these systems are inherently limited in gaming area, resolution,
and field of view, certain sensor-related missions can be simu-
lated. It is necessary to limit performance to specific corridors
and to rather large fields of view (<15°), but with the addition
of analog video processing, certain sensors (such as the LANTIRN
navigation requirements) can be effectively simulated.

The T-10 analog radar landmass simulator is not easily
changed, but because of the cost of a digital system, modifi-
cations must be considered. It is well known that the United
States Air Force is actively involved in a similar T-10 upgrade
program. This study considers the desired goals of that program
and recommends that FDL take advantage of developments under this
contract.

finally, the study concludes that the long-term goals cannot

be met by up-grading existing hardware. Attainment of the ulti-
mate goals of simulation fidelity, total mission simulation, and

viii BEST AVAILABLE COPY




real-time interface to advanced flight-control hardware, requires
the acqguisition of new advanced simulation hardware. The charac-
teristics of the recommended hardware are given along with cost
considerations and facility impact.

In recognition of the many factors, a multi-step apprvach to
upgrading the sensor simulation at FDL is recommended., Such a

‘blan will provide useful capabilities over the interim period

during which funding and nev hardware will be obtained.

The sequential approiach would modify the existing camera-

model systems to gain IR and TV capability, modify the existing

SA\alp Vol

T-10 ARLMS, and start acquisition procedures for a digital
facility.

A total modernization of the FDL facility should be consider-
ed as a long-term goal., The emerging sensor technology provides a
much higher capacity for information than current systems and simu-
lation of these systems will demand new approaches that reach
beyond the practical and often theoretical limits of current or
even upgraded FDL equipment, The new eguipment will include an
all-digital approach to sensor simulation with a computer image
generation (CIG) and a digital radar landmass simulator (DRLMS) as
the major elements. This approach is the most technically sound,
and provides the flexibility and expansion capability to stay
abreast of sensor technology.

T R S S A



TABLE OF CONTENTS

PAGE
1.0 INTRODUCTION 1
1.1 Scope of Study 1
1.2 Report Format
2.0 STUDY METHODOLOGY 5
3.0 STUDY DETAILS
3.1 Data Acquisition
3.1.1 Facility Familiarization
3.1.2 Literature Search 21
3.1.3 Vendor Contacts 21
3.1.4 User Contacts 28
3.2 Analysis 32
3.2.1 Sensor Characteristics and Trends 32

m MISSION TYPES AND REQUIREMENTS 58

% O i Scnsor Capabilities 59
4,2 R ] Mission Types 64
4.2.1 Weapons Delivery and Accuracy 64
4,2,2 Terrain Following and NOE 65
4.2.3 Gaming Areas 65
4,2.4 ‘ Environmental Conditons 67
4.2,5 Sensor Parameters (Accuracy, FOV, etc.) 67
4.3 Existing System Considerations 68
4.4 Design Requirements Considerations 71
BESTANNLABLECOPY
f

xi



.......................................

TABLE OF CONTENTS (Cont'd)

Page

5.0 SIMULATION, STATE OF THE ART, AND TRENDS 73
5.1 Image Generators 73
5.1.1 Camera~Model System 73
5.1.2 Film Systems 114
5.1.3 Video Tape/Disk Systems 124
5.1.4 Laser Scanner 127
5.1.5 Digital Image Generation - 133
5.2 Display Considerations 179
5.2.1 Head-Up Display Considerations 179
5.3 Video Processing 181
5.3.1 Scan Converter 181
5.3.2 ‘ Special Video Effects 182
5.3.3 Simultaneous Display 185
5.3.4 Simulating Sensors with Video Processing 188
5.4 video Switching 190
5.5 Video Insetting 191
5.6 Examples of Sensor System Simulation 198
5.6.1 LANTIRN Mission Simulation 198
5.6.2 B-52 EVS Simulation
6.0 CONCLUSIONS 210
6.1 | General 210
6.2 Sensor Trends and Simulation Trends 211
6.3 Summary of Image Generator

, Characteristics 213
6.3.1 Camera Model 213

xii

BEST AVAlLABLE gpy

TR SIS SN fm e 4T e L e

=z et n Sy



TABLE OF CONTENTS (Cont'd)

Page
6.3.2 Film, Video Tape, or Disk Systems 224
. 6.3.3 CIG 229
6.3.4 EW Systems 231
6.3.5 Radar Simulation 242
6.4 Recommendations 243
6.5 Cost Estimates 249
BIBLOGRAPHY 251

APPENDIX A TEXAS INSTRUMENTS INFRARED/ELECTRO-

OPTICS PRESENTATION 263
APPENDIX B HUGHES AIRCRAFT PRESENTATION ON MULTI-

SPECTRAL SENSOR CUING 275
APPENDIX C TEXAS INSTRUMENTS RADAR PRESENTATION 297
APPENDIX D U.S. DEFENSE MAPPING AGENCY DATA 374

GLOSSARY OF ABBREVIATIONS AND ACRONYMS 377

xiii




2.0—1
3.1.1-1

3.1.4-1
3.2.1.1-1
3.2.1.1-2
3.2.1.2.4-1
5.1.1.4.1-1
5.1.1.4.1-2
5.1.1.4.1-3

5-1.1.4.3—1
5.1.1.404.1-1
5.1.1.4-4.1—2

5.1.1.5-1

5.1.2-1
5.1.2-2
5.1.2-3

5.1.2-4
5.1.3-1
5.1.3-2
5.1.4-1
5.1.5.2.1-1

5.1.5.2.6-1

5.1.5.3.1-1

LIST OF FIGURES

General Approach "

Visual/Sensor Presentation Combinations Feasible
with Common and Separate Image Sources

Multisensor Data Correlation

Frequency Designation Chart

Transmittance vs. Wavelength Chart

Helicopter-Borne Carbon Dioxide Laser Radar Pod

Geometrical Analysis of Depth of Focus

Limitations of Depth of Field

Angular Resolution versus Entrance Pupil
Diameter

Single and Double Reflection Pitch Designs

Probe Pointing System, Block Diagram

FLOLS Laser and Tracker, Optical Schematic
Diagram

Interrelation of Scanning Mode, Bandwidth, and
Horizontal and Vertical Resolution

VAMP System Block Diagram

VAMP Projection Lenses

Ratio of Simulated Aircraft Lateral Deviation to
Camera Shooting Altitude

SCAMP System Block Diagram

Record Mode

Playback Mode

Artist's Concept of Laser Scanner Image Generator

Architecture of the Special Purpose Processor
of a Real-Time CIG System

Texture on Horizontal and Non-Horizontal
Surfaces

Comparison of Digital Visual and IR Sensor
System Block Diagrams

Page

20
31
33
34
56
85
87

90
92
96

97

100
115
116
118
119
125
126
129
138

145

153

xiv BEST AVAILABLE COPY



5.1.5.3.1-2
5.1.5.5-1
5.3.1-1
5.3.2-1
5.3.3-1
5.3.3-2
5.4-1
5.4-2
5.5~1
5.5-2
5.5-3
5.5-4
5.6.1-1
5.6.1-2
5.6.2-1
5.6.2-2
5.6.2-3
5.6.2-4
5.6.2-5
6.3.1-1
6.3.2-1

LIST OF FIGURES (Cont'd)

Page

FOV Geometry 155
Procedure to Produce T-10 Records 175
Digital Scan Converter Application 183
Special Effects Application 183
Monochrome Simultaneous Display System 187
Pseudo Color Simultaneous Display System 187
System Application for Video Switching 192
Switching Matrices 193
FET Video Switch 195
Dual Video Amplifier Switch 195
Transistor Diode Switch 197
Chroma-Keying Block Diagram 197
LANTIRN Mission Simulation 200
Typical LANTIRN Display 201
EVS Simulation System Proprietary to
EVS Display Imagery and Symbology Link Division
DRLMS System Block Diagram of The
Radar Data Flow Singer
DRLMS Memory Hierarchy Company
Effects of Proper Aperture Size © 223
Typical Video Tape or Disk System (Real-Time

Display) 226
Basic EW System Simulation 236
Expanded EW System Simulation 239
Physical Packaging of Probe Height Sensor 247

BEST AVAILABLE COPY

Xv




LIST OF TABLES

Page
3.1.3-1 Key Air-To-Ground Radar Characteristics 26
3.1.3-2 Projections for the 1990's 29
3.2.1.2.1-1 Typical TV Sensor Characteristics 48
3.2.1.2.2-1 Typical IR Sensor Characteristics 49
3.2,1.2.3-1 Typical Laser Sensor Characteristics 54
4.1-1 Advanced Integrated Display System (AIDS)
Functions 62
5.1.1.2.2-1 Thermal Terrain Model MT-168 77
5.1.1.3-1 Comparison of Illumination Sources 80
5.1.1.7-1 Image Pickup Device Manufacturers 111
5.1.4~1 LSIG Performance Specifications 131
5.1.5.1.1-1 Usage and Performance Contrasts Between FLR
and Raster-Type Sensors 134
5.1.5.4.5-1 DRLMS Data Base Comparison 170
5.1.5.4.6-1 Characteristics of Current Airborne Radar
Systems 172
5.1.5.5-1 T-10 ARLMS vs. DRLMS Performance 177
6.3-1 IR, FLIR, IIR 214
6.3-2 Television 216
6.3-3 Radar . 218
6.5-1 Cost Estimates (Millions)
——
D-1 DMA Terrain Data Intervals 376
D-2 Thirteen DMA Predominant Material Types 376

xvi ‘ BEST AVAILABLE COPY

................................................
....................................



,
'y 1.0 INTRODUCTION

e The Engineering Simulation Group of FDL plans and conducts

gi"“W" ground-based engineering simulations for the purpose of design

< evaluation and refinement of advanced aircraft concepts and flight
%Ziw control technologies under realistic mission-task environments.

7 k. - In 1978, to maintain continued advancement in the development of
_<£;{;V ~ engineering flight simulation, FDL prepared a long-range plan for
f’**"‘ updating the engineering simulation laboratory to keep pace with

changes in f£flight control technology. One of the primary consider-
-ations of this long-range plan was the need for expanded capabili-

ties to facilitate simulation of advanced sensor displays, a tech=-

nology which is emerging in response to the significant potential
. of advanced sensors in certain tactical airborne scenarics, Appli=-
- - . - cable sensors include television (TV), low-light-level TV (LLLTV),
.Wff"gT”' infrared (IR), forward-looking IR (FLIR), forward-looking radar

. _ (PLR), synthetic aperture radar (SAR), electro-optical scanner

N ‘rackers, laser radar, etc. The objectives of this study are to
22 define, examine, and evaluate alternative approaches for simula-
. tion of thoss sensor displays which are likely to be integral to

k FDL research in the next decade.

1.1 8COPE OF STUDY

o

£ Link Flight Simulation Division of The Singer Company has
performed a study which systematically examines the major elements
of providing airborne sensor display simulation capabilities.
These elemants include not only sensors and their capabilities

-

.g throughout the 1980's and early 1990's, but also the associated
N mission requirements and state-of-the-art (S0TA) simulation
, technoloeogy.,
3
W The performance parameters of each study element were evalu-

ated and compared in an effort to reduce the possibilities to
viable systems concepts,




Mission requirements were examined only to the level of
detail necessary to define simulation hardware. The suggested con-
cepts are not based on any specific mission details, but try to

meet the generic and varied experimental requirements of FDL.

Although the scope of this study does include cockpit dis-
plays, the primary effort concerns the image generator. Display
technology is mature and changes are slow in the cockpit environ-
ment. In fact, display format and crew workloads are subjects of
experiments which this hardware must support. In order to allow
the freedom necessary for these experiments, this study considers
cockpit display devices only in general terms.

1.2 REPORT FORMAT

The format of this report follows the chronological progres-
sion of research required to complete the study objectives. This
format was selected to provide firm documental backup for the pro-
posed recommendations and, further, to establish a foundation
which reflects the scope of the current endeavor and upon which
FDL can base decisions for additional research and investigations.

It is important to acknowledge that sensor simulation is an
emerging technology and as such has appeared with little defini-
tion to encompass a seemingly endless array of actual and con-
ceptual sensor devices and utilizations. Consequently, it has
been necessary to constrain the scope of this study in order to
allow concentration on the development of useful and realistic
recommendations. This has been accomplished by determining a set
of simulation requirements based on formal projections of FDL's
sensor utilization and predicted characteristics of the sensors
involved.

As an initial step in determining utilization requirements,

the first section of this report considers the user, primarily
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through examination of FDL's "Plan for Improvement of Engineering
Flight 8imulation Capability" (FY 79 to 84), herein referred to as
the 3-Year Plan., Summarized in the 5-Year Plan are FDL's objec-
tives and scope regarding sensor simulation, existing equipment,
current sensor capabilities and limitations, simulators with pro-
... _Jected sensor requirements, associated mission reguirements, Kkey

_senmor  lssues, and related concepts associated with FDL's long-

~ rangeplans.

wooo=-Although missions ave briefly discussed in the 5-Year Plan

| "fAnglini,'n separate report section is included (Section 4.0)

. whieh expands ‘on the sensor-criented mission segments which are
Oﬁpjctcd’to Be encountered in the Engineering Simulation Labora-
~'tery. “This section is derived from numerous sources, including
SPDL's S«Year Plan, FOL's Total Mission Steering Group directives,
. PDL Mission profiles developed for the Logicon DIG study, current
" mismion=oriented technical reports and articles, and mission pro-
... Jeations received from sensor vendors. Section 4.0 Jevelops sen-
"foiquiimUlation requirements dictated by the anticipated missions.
Thes ‘requirements include the applicable sensors, the tactical
enviconment (gaming area, targets, threats, etc.), and the physi-
cal environment (terrain, weather, amoke, etc.). Also delineated
are requirements associated with the engineering aspects of the
mission simulations, such as air-to-ground weapon delivery accur-
acles and hit indications.

Section 3.2 provides additional detail about the simulacion
requirements by determining those requirements which are dictated
by the applicable sensors. This section summarizes the state of

R the art of the various sensor types, notes the associated param-
» eters, and provides quantitative valuesw representative of actual
or «nticipated systems,

The combination of mission and sensor-oriented reguirements
constitutes, in effect, a specification scope which encompasses
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FDL's projected sensor simulation needs. All sensor simulation
approaches presented in this reaport have been developed within
this scope. Each approach representa varying degrees of sophis~
tication, coat, and utility within the specified scope.

Before the discuasion of feasible simulation approaches, an
intermediate section (S8ection 5.0) is included which analyzes the
state of the art of those simulation technoclogies which have been
considered in this study for their potential in sensor simulation.
Included are camera=model systems, laser images genarutors, film or
tape systems, Defense Mapping Agency, Aerospace Center (UTMAAC)
data, video processing, DIG, radar simulation, and electronic
countermeasures (ECM) simulation. Analysis of this section, in
compariscn with the developed simulation requirements, should
‘readily show why each recommended approach has been included in
this report and why certain possible approaches have not been
recomme nded,

Bection 6.0 discusses two proposed sensor simulation ap-
proaches. The first approach would use existing or modified FDL
equipment. The second approach would require supplemental equip-
ment, Parametric and cost comparisons are subsequently provided.




2.0 STUDY METHODOLOGY

v,

The general approach to the study is shown in Figure 2.0-1.
. Data was gathered from five major sources and subsequently an-
. B alysed to satisfy the major objectives of the study.

. . In order to define the sensors and the tactical environment
“*"{n which they operate, an extensive literature search was con-
-ducted, Both vendor and user agencies were contacted to gain
l;ﬁg::hur unh.rlcandinq of current egquipment and its useage., These
f*ééhtdutl also provided data on future trends of sensor equipment
a;fl;ﬁﬁumiioioh scenarios.

.. Once the sensor characteristics were known and the mission re-
'ﬁyquitimlnthwuro datermined, the state of the art of simulation was
, 7Ihiiyl|d !6: applicable technology. The net rasults are a state-
f'mlnt of the simulation problem and a description of available
limﬁlltion hardware, its capabilities, ard future potential.
- L '
7’” As part cf the data gathering process, the study also ex~
amined the specific simulation requirements of the Flight Dynamics
'leﬁrltory and the existing inventory of equipment. The study
then developed alternative plans to modify existing software and
hardware at the Engineering Flight Simulation Facility and identi-
fied additional eguipment necessary to simulate the major
r capabilities and characteristics of the sansor displays of
importance to the human operator.

* This was accomplished by making parametric comparisons of
various simulation approaches and then combining those into
» various system configurations which meet the necessary sensor
requirements and simultaneously attempt to use existing hardware
N to maximum advantage.
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In summary, the study presents the most viable solutions in great- |
ar detail and makes recommendations for the most cost-effective
system approaches.




3.0 STUDY DETAILS

-3,1 DATA ACQUISITION

3.1,1 PFacility Familiarisation.

L Real-time man-in-the-loop flight engineering simulation is a
E clelod-loop technology coupling the designer, the simulated sys-
 ‘ tem, and pilots so that conceptual systems may be evaluated and
e re!inod prior to the development of full-scale aircraft systems.
- 9&gn1££clnt cost and time savings are realized when a concept can
‘be evaluated in an engineering simulation prior to integration in
" "7 a host aiveraft. This is especially obvious when one considers
"vq,”thlt numerous minor modifications to the original concept may be
: iilly lo¢ommodltld in an engineering simulator whereas small
,;uohunQCl to an aircraft system might easily require a major system
o rﬁdulign. Another advantage of engineering simulation is the ver-
‘satility afforded the designer in relation to environment, both
e ?hxlilll and- tactical, Desired environmental factors can be in=-
 .gluded and varied on s test-by-test basis. Undesirable factors,
= whiah may be uncontrollable in real-world evaluations, may be con-
~yeniently left out of a simulation. The primary drawback and main
challenge of simulation is the limit to the amount of realism
which can be c¢reated, hoth in terms of the conceptual system and
A the environment in which its ocperation is ultimately intended.
Each simulation roqbirol a balance between the higher costs associ-
ated with increased levels of realism and the amount of represen=~
tative realism required to make the simulation believable to the
v pllot. Engineering simulations can be beneficial only when they
are realistic enough for the pilot to react essentially the same
as he would under real-world conditions.

FDL performs man-in-the-loop engineering simulations to
of evaluate various innovative concepts, including flight control
‘ technology. The association of advanced saensors to flight control

4
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technology may not be obviously apparent; however, the relation-
ship can be indirectly traced. In past years the focal point of
integrated aircraft system operation has been the pilot (or the
crew). For axample, a tactical pilot, having received extensive
training in the capabilities and limitations of his aircraft's
basically independent flight and weapon subsyastems, would fly his

—atroraft in a manner which, in his judgement, would most effec-
~tivolyfcomplnm.nt the capabilities of the weapon system. Of

course, in combat situations (especially in dense threat environ-

‘ments) this would bes only one of numerous, almost simultaneous
;. 7 judgments required of the pilot. FDL is dedicated not only to op-

timizing flight control systems but also to optimizing their use.

-Accordingly, it has long been recognized that the pilot is an

. integral gomponent of flight control technology. Extensive stud-
ies have been conducted by FDL in efforts to reduce pilot workload
"‘lq$§hgtmghq,:otal effectivenees of the integrated pillot~aircraft
- system could be increased. Due to the closed-loop nature of engi-
?-'nqgringqlimulltion.and'PDL'n asgsociated responsibilities in gener-

ating flight control specifications, many of the results of these

‘studies are now being incorporated in new aircraft subsystem

deaigns. OQOn a larger scale it may be stated that research by FDL
and aimilar institutions has resulted in a new philosophy in
military aircraft development, wherein subaystema which used to be
designed (specified) independently to be optimized ftor their indi-
vidual roles, are more and more cften designed with the complimen=-
tary subsystem technologies in mind so that one optimum total air-
craft results. A significant factor contributing to the feasibil-
ity of this philosophy has been the enormous advancements made in
digital technology, especially in circuit miniaturization and com-
putational speeds. These advances are allowing the incorporation
of increasingly sophisticated electronic packages (including high-
capacity on-board computers and advanced sensors) in the same re-
stricted airframe space previously filled by bulkier and leas
capable generations of electronics. Interdependently designed sub-
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systems are rapidly evolving into integrated subsystems. An
example of an integrated design would be a flight control system,
designed with the weapon system capabilities in mind, but also
designed to receive real-time inputs from the weapon system which
would directly affect the operation of the flight controls under
certain conditions, In essence, an important aspect of the state

~of the art of applied flight control technology is the correlation

and integration of complementary technologies, FDL is actively in-
volved in evaluating methods to exploit expanded computational

capabilities and integrated aystem techniques,

Two programs currently being sponsored by FDL are typical of
the sensor-oriented research that can be anticipated in the
engineering simulation laboratory and also clearly illustrate the
association of sensors and advanced flight control technology.

The Integrated rlight/Fire Control (IF/FC) program and the Inte=
grated ~"light/Weapon Control (IF/WC) program both evolved from the
recently developed Firefly fire control concept., Under this con-
cept, information derived from advanced electro-optical sensor
trackers {s fed via a fire control computer to the aircraft's
autopilot/flight control system to maneuver the fighter more ac-
curately into firing position. Simulations of the Firefly concept
have shown significant increases in hit probability and aircraft
survivability, The IF/FC program (using unguided weapons) and the
subsequent IF/WC program (using guided weapons) both seek to inves-
tigate the improved combat effectiveness possible through integra-
tion of the flight and fire control (weapon) systems., The use of
flight simulators readily allows comparison of manual, semi-auto-
matic, and fully automatic operations in a dense threat environ-
ment.

FDL's enginee. ing simulation laboratory must develop advanced
sensor simulation capabilities so that the facility can be
responsive to the sensor-assoclated advancements which are emerg-
ing in flight control technology.
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Equipment currently at FDL's simulation laboratory can be
divided into three categories: computers, simulators, and simu-
lator complementary systems, including hardware to facilitate
visval and radar simulations.

‘ For the purpose of this study it is assumed that FDL's flex-

, ible complement of analog and digital computers can gquite readily

> accommodate any main frame software requirements associated with
the recommended approaches to sensor simulation. This assumption
is readily justified on the basis that this study is primarily
involved with the evaluation of dedicated video sources (model-
boards, DIG, etc.,) which generally reguire only minimal) interface
support from the main simulation computer system. Moreover,
sensor-associated simulations which are recommended as software
imp.umentations (e.g., electronic warfare (EW) environment) are of
the type which may be applied with more or less sophistication for
each simulation (requiring more or less computer cgpace) as dicta-
ted by the associated engineerinyg team's interpretation of the
sensor's relative importance in relation to othar areas of the
total simulation design,

Existing FDL simulators include a multi-crew transport/
bomber on a three-degree-of-freedom motion base, a side-by-side
two-place fighter/bomber (F=1l11 egquivalent) on a five-degree-of-
fresdom motion base and the Large Amplitude Multimode Aerospace
Simulator (LAMARS) which allows large-amplitude motion cuing in
five-degrees-of-freedom. Relevant limitations noted in the 5-Year
Plan are the very limited displays in the fighter/bomber, and the
lack of a tandem cockpit in the LAMARS., FDL also has time-shared
access to the Avionics Laboratory's (AL) Digital Avionics Informa-

. tion System (DAIS) close-air support cockpit. As part of the
5-Year Plan, moreover, FDL intende to develop, by 1984, an

! Advanced Fighter Station (recently redesignated as the Total
System Integration Simulator (TSIS)) which will allow single and
tandem simulations and will include advanced multiplexed displays
and a large field-of-view visual system.

11
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Existing FDL complementary simulation hardware includes an
Amer ican Airlines/Redifon rigid model visual gystem with an asso-
%f cleted duoview display projection system; ths LAMARS visual system
:includinq sky/earth projector, camera-mcdel target generator, and
"t&fgot'projcctory an early generation General Electric computer
" image gensrator (CIG) system; and an analog/digital radar landmass
}ltmulaear‘ ‘

, Hcdclbonrdn are of two different scales: a 5000:1 scale,
ﬂtVtring 12:3 by 37.8 nmi with an altitude range of 100-20,000 ft,
S a.gg,g*;agqu scale detailed airport blow-up from the 500011l
board, covering 3.7 by 11.7 nmi with an altitude range of 12-3000
fk"‘“”tn anticipation of modelboard use in sensor simulation, FDL
(8 ‘f?hu uﬂntueted the IMAAC to draw up topographical maps and create
""'5  fidutl,b¢|cs (DDB) for both modelboards. It should be
inotlda howbvur, that DMAAC is only daveloping elevation data bases
}Anlfij ‘not ntclting feature or cultural files, although the cultur-
7@1‘:11. {s a pounibln add=on item. Thus data will be available
“flar_tu#rlin following (TF) and terrain avoidance (TA) simulations
"but data will not be available for correlated DIG generation of
-detailed sensor imagery.

i . PDL's existing terrain model system has no moving targets and
hll a limited dive angle capability due to restricted pitch
excursions (25° to -48°) in the probe mechanisms. Also, it should
be noted that the pointing accuracy and position repesatability of
the present probe is much poorer than the probe capabilities

. available in state-of-the-art systems, The S5-Year Plan recommends
procurement of an accurate high-pitch angle probe; however, the
price of such a system has been prohibitive, FDL recognizes the
need for an accurate probe to facilitate meaningful air-to-surface
weapons delivery studies and accordingly is still actively seeking
to procure such a device. The camera system associated with
terreain models is simultaneous, 3-channel color and operates on a

12
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625-1ine European video standard., It is being converted to oper-

“ate as a 60-hertz 525-line color or 1000-1ine black and white

system,

A relevant subsystem of the LAMARS visual equipment is the
physical model target image generator which includes a camera
system imaging on a gimballed aircraft model, the combination of
the two producing a target for air-to-air simulations. Currently
the modal is mounted in a lucite sphere which tends to slip, pro-
ducing tracking errors under highly dynamic maneuvers. The 5-Year
Plan indicates intended procurement of a state-of-the-art gimbal
system,

As part of the 5-Year Plan, FDL is analyzing the state of the
art of CIG systems and plans to procure an advanced system. A
rciovnnt aspect of FDL's analysis is the capability of advanced
CIG's 'to provide sensor simulations.

FOL's existing radar landmass system consists of generalized
radar software coupled with a Singer=-Link F~1llA tri-color plate
analog landmass. However, this system does not include the
electronics required for the original F=-1l1A radar landmass capa-
bilities of TF/TA.

As clearly stated in the 5-Year Plan and further evidenced by
sponsorship of this study, FDL has virtually no existing capa-
bilities for advanced sansor simulation. The only equipment which
could be considered as representing a sensor capability is the
radar landmasc simulator. However, the operational character-
istics of the decade-old analog portion falls far short of being
adeguate to simulate the performance of state-of-the-art radar
systems, especially with the added consideration that the original
terrain avoidance and terrain following features are not avail-
able.

13



A pseudo-sensor simulation capability which may be made avail-
able to FDL on a short-term basis is the CIG/DAIS visual sensor
'”gmulntor. This low-cost system developad for DAIS by Technology
,Inccrpo:ated uses aralog video procesesing technigues to generate
, tip!lltnttzivo sangor imagery from a terrain board videc signal.
;Qﬂiht‘iuch technigues as video bandwidth reduction, edge
yeement, noise summation, and linear and nonlinear transfer
\85:-this system- is capable of pseudo-simulating LLLTV,

“Vlnd‘shn;.fTho original video signal can also be used
: window VilUIl display. The main drawback of the

_[ not aotual target signatures (i.e., IR and/or microwave).
‘the capability for proper target signatures (especially IR

_‘_!QIHirlMlhtl.v Bubsequantly, excerpts were collected

; -!nlr Plan which related to each question, Each group

of'tnc!rptl was then collectively assessed., The remainder of this

.. megtien doguments those aidsessments, The analysis was performed

?“iﬂ relation to each of the following questions: On what type or
types of aircraft will FDL be required to perform sensor simu-
lations? What types of missions will be involved? What will be
sought to be proven in these simulations, or as stated in the
S=Year Plan, what are the issws? What is the time frame for im-
plementation? Also, in the performance of this analysis, various
1ndcp|nd|n: statemants were noted which were deemed pertinent to
this study) these are also discussed.

Table 6 of the 5-Year Plan summarizes a survey made by FDL of
b’ potential users of the engineering simulation laboratory. Four of
the potential simulations included a requiremant for sensor
displays, Of these, three were specifically designated for the
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forthcoming TSIS cockpit. The fourth, called IF/FC, is assumed to
- refer to a program similar to the earlier IF/FC and IF/WC pro=-
grams, both of which are associated with fighter aircraft.” The
S-Year Plan's subsequent analysis of trends in aircraft, as relat-
ad to simulation capability readiness, includes sensor applica-

" tions in all three basic classifications of fighter aircraft --

f clonn-;ir support, tactical strike, and air superiority. The only
implicnticn of sensor-oriented research on another aircraft type
-ls-the: mention of long-term studies for bomber penetration and sur-
a¥, vival.—»‘lv#ndiqatcd in Section 4.0 of this report, however, pene-
L;:Tt;qtioniandksurviv11 are also anticipated elements of required

. fighter missions. Considering this fact and the fact that fighter
7 #light parameters (speed, pitch rates, etc.,) are more demanding on
- simulations than those of bombers, this report assumes that sensor
f;ﬁiﬁ@kit;ch- recommended for fighter penetration and survival re-
_ssarch can be readily applied to bomber research., Since FDL does
T “not appear to have unique sensor simulation utilization require=-
'r'”'mantq for transports or bombers, the requirements and subsequent
thObmmlhdltiOhl developed in this report are keyed to fighter

T ‘aircraft.

In considoring FDL's anticipated use of its simulators, a
relevant point is that FDL has designated the TSIS as the focal
point for eventually correlated visual and sensor simulations,

A central theme of FDL's 5-Year Plan is the eventual develop-
ment of a total mission simulation capability, However, "emphasis
has been placed on the air-to-surface task capability due to the

segments, penetration and weapons delivery represent the primary
areas of senasor augmentation in advanced mission concepts.

general lack of precision capability to perform this task, . . . .
: and increased importance of the design factors for near term air-
) N craft and subsystems design", The various segments of a typical
e air-to-surface mission include takeoff, crulse, penetration, weap-
é . ons delivery, aerial refueling, and return and landing., Of these
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Research in night and all-weather penetrations will require simula-
tion capabilities for LLLTV, FLIR, and TF/TA radar. Conventional
and unconventional weapons delivery studies, including target
acquisition and identification, will require simulation of SAR,

TV, LLLTV, and FLIR, along with TV and IR weapons,

FDL also seeks to enhance its air-to-air simulation capabili-
ties, Potential sensor complements include forward-looking multi-
- mode radar, FLIR, and TV (possibly with zoom capabilities), These
sensors are of particular interest in certain critical tasks
associated with engagement maneuvers including acquisition, iden-
- tification, tracking, and weapons delivery.

‘Simulation requirements for Radar Homing and Warning Systems
. (RHAWS) capabllities are pertinent to both the air-to-surface and
alr=-to-air tasks anticipated at FDL.

Total mission capability also requires total mission environ-
ment., Natural environmental factors required to accompany sensor
performance simulations include the proper electromagnetic repre-
sentation of terrain imagery, variable weather effects including
signal attenuations, and sun effects including time-of-day, time-
of-year, and sensor blinding. Reguired tactical environmental

'y factors include friendly and threat gunfire and missiles, smoke,

L targets, hit indications, and electronic warfare activity., Again,
proper electromagnetic representations are necessary. It should
be noted that FDL desires to augmant mission capabilities with
multiple moving surface targets,

The aimulation of individual sensor operational character-
istice is alsc essential to ensure mimsion fidelity, ‘
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The preceding paragraphs only summarize the various aspects

-

of anticipated FDL sensor oriented missions, Section 4.0 provides
an expanded definition of the specific sensor simulation require-
ments dictated by expected FDL mission scenarios.
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’fc The 5-Year Plan mentions two key issues in association with
;g the requirement for advanced sensor simulation., The first is that

of sensor-aided versus visual weapons deliveries, This issue indi-
cates that mission simulations are planned not only tc assess
adverse weather and night operations but also to optimize conven-
- tional and unconventional daytime weapon deliveries, The FDL-spon-
sored IF/FC and IF/WC programs are indicative of such research.
?q‘»~ In light of this issue, two desirable factors in a sensor simula-
fﬁver tion approach are the ability for and ease of correlation with an
v out=the=-window visual scene.

The advent of advanced sensors in tactical aircraft throws a
new twist into the ever controversial debate over one-man versus
. two-men crew stations. On the surface it appears that the incor-
”:“‘5; - poration of such advanced technologies would lessen the need for a

= second crew member. However, on the other hand, it is quite prob-
Lfi‘ able that added capabilities in the dimensions of performance and
';-, survivability could be exploited to an aven greater dagree in a
e two=man cockpit, Tandem cockpits with separate sensor displays
Jé‘ place varying requirements on the sensor simulation depending on

;i{ the desired configuration, If it is desired that one display only
repeat the display of the other cockpit then the only additional
requirement for supplying sensor imagery to the second cockpit is

53 dedicated electronics to switch and drive signals from a common
ﬁg video source, To provide different sensor displays to each

cockpit, with common controls (ie. only one crewmember at a :ime
can adjust controls such as thresholding) requires independe:.t

-?5 video sources (or independent sensor processing channels .: a

?3 common source is being used for multiple sensor types). If inde-
gﬁ pendent displays and controls are desired then two independent

- N video sources or sensor processing channels are required for each
?f sensor type. Thus two additional desirable factors in a sensor

fg ) simulation approach are the capability to generate multiple sensor
D@ images from one source and the capability for parallel channel

oparation,

N
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S5imulation associated with these key issues will be performed
.....net.only {n relation to assessing mission task performance but
#.7 . aled “in relation to survivability. Survivability is a mission
- - factor which is receiving increased attention throughout the armed
‘,j Qorppl*duo to the continually increasing ratio of threat to friend-

c L

p;g{imifs;!.ir Plan calls for the following increased capabil-
‘{tigs yelevenrt to advanced sensor simulation:

'ffigﬁ‘fflnhancod alir=-to-surface task (high-pitch angle visual
probe, moving target)
e #CRT displays for crew station evaluation

] o

"i %g;&lQVQQoqd-lon;or displays and controls
-u¢}bzﬁllncid gaming area; flexible CIG visual processing.

e iy

by FY84 Total Mission Capability

*Alr=to-air (twc=-vs-one)

*Air-to~surface (multiple moving target)
*Terrain following

*Variable weather

In relation to total mission capability, the 3-Year Plan in=-
cludes this statement, "While the capability will exist for con-
tinuous mission evaluation from takecff. . . . . to landing, most ,
simulation programs will only involve mission segments or tasks."
Thus a sensor simulation approach which is highly recommended for
one mission segment (e.g., weapons delivery) should not be penal-
i ized simply because it cannot be practically integrated with an-
other basically unassociated segment (e.g., takeoff),
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In relatior to the DAIS visual sensor simulator, the 5-Year
Plan states, "It appears that, for the money, a system similar to
that developed by DAIS would be acceptable for the near-term appli-
cation planned in this facility., If a slewable sensor (s desired,
this method would allow correlation with the outside visual scene
only when the sensor was pointed straight ahead.," It should be
not(d that any sensor simulations economically designed to use com-
mon image picke-up source still suffer from this restriction. Such
a deficiency will not present a radical problem for navigational

~and terrain following sensor displays since the area of interest

in such pressentations is along the aircraft flight paths however,
it will seriously degrade capabilities for evaluation of integrat-
ed sensor weapons which provide a slewable image to the crew.
Obviously, with the technology of such weapons, it will ba de-
sivable to test unconventional approaches which exploit the weap-
on's slavwing capability as opposed to exposing the aircraft to the
vulﬁorability of conventional straight-in deliveries. A similar
problem arises with sensor zoom capabilities; however, in this

. Gase another trade-off is possible dopending on the 200m mechanism

employed, For example, a common visual and sensor image source
could be used and the sensor display elactronically zoomed; how=-
ever, the resolution of the zoomed presentation could not be
greater than that of the unsoomed image. If separate image
sources were used, then high resolution zoom would be posasible
with opto-mechanical zoom, Figiure 3,1.,1-1 illustrates various
visual/sensor presentation combinations feasible with common and
separate image sources.

A spacific goal of the 5~Year Plan is to "accurately program
resources (dollars and manpower) to accomplish the expanded role
of engineering simulation," Flexibility and growth are primary
criteria in FDL procurements., State-of-the-art equipment is
generally sought; howeavar, FDL clearly recognizes the risk in-
volved with premature selection of unproven developmental equip-
ment, Accordingly, the emphasis in this study has been to seek
out practical solutions using available technologies.

19



SEPARATE VISUAL/SENSON
IMAGE SOUNCE

COMMON VISUAL/SENSOR
~ IMAGE SOUNCE

-0 NAVDISPLAY
¢ VISUAL AND SINSOR

| I TE/TA DISPLAY
¢ VIBUAL AND BENSOR

TARGETING DISPLAY

¢ VISUAL AND SENEON

o SLEWABLE SENSOR

¢ HIQH ARBOLUTION
OPTOMECHANICAL
SENSOR ZOOM POSSIOLE

% YANGETING DIBALAY

' NO VIRVAL

+ SLEWABLE BINSOR

; ¢ WIGM AEBOLUTION
S OFYOMECNANICAL
o SENBON Z0OM POSRIBLE

TARQETING DISPLAY Y

VISUAL AND SENSOR
o NO SENBOR SLIW

o LOWREIOLUTION
GLECTRONIC SENBOR
200M POSSIOLE

}.-___..___.__--_.__._.__...____-._-_.__._._-

Figure 3.1,1-1 VIBUAL/SENSOR PRESENTATION COMBINATIONS
FEASIBLE WITH COMMON AND SEPARATE IMAGE SOQOURCES
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3.1.2 VLiterature Search.,

The bibliography later in this report lists military reports
procured and reviewed in the course of this study. In addition,
the review of approximately 200 issueas of technical and military-
oriented periocdicals revealed innumerable articles, news reports,
and advartisements which have provided valuable insight into cur=-
rent trends and advancements in state-of-the-art sensor technolo-
gles and sensor utilizations in military aircraft., Periodicals
from which pertinent information was drawn include Aviation Week
and Space Technology, Defense Electrenics, Military Electronics/
Countermeasures, International Defense Review, Interavia, Air
Force, Electro-Optical Systems Design, Microwave System News, and
Electronic Engineering Times.

3.1.3 Vendor Contacts.

To supplement the literature socarch, research personnel soli-
cited information from numerous vencors of advanced sensor syt~
tems. We were very fortunate that several organizations agreed to
meet with us to discuss various aspects orf their fields of
specialty.,

The Electro-Optics Division of Texas Instruments Inc. (TI)
provided a formal presentation on Tharmal Image Processing. An im-
portant point emphasized by TI was that the resolution of aircraft
thermal imaging systems is not expected to increase msignificantly
from that of current systems., Although higher device resolution
is feasible, there are several operational factors which limit use-
ful resoclution. The primary factor is air(raft vibration, To ac-
commodate higher resolutions in military ailrcraft would require
elaborate image atabilization or migration :orrections to compen-
sate for vibration effects. Other limiting conditions considered
in TI's prediction of near constant resolut.on included atmo-
spheric effects, syotem costs, and range of weapons (i.e., limit
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on useful resolution). The primary thrust of development efforts,
according to TI, is to enhance image processing s¢c that pilot work-
load is reduced., In current systems, display image enhancement
control, image interpretation, and reaction are functions which
must be performed by an operator. The conflicting trends of
decreasing available operator time (eepecially in high-speed, low-
levael flight) and increasing total sensor information capacity cre-
ate a definite requirement for increased image processing capabil=
ities, TI believes that many of the operator's functions can be
automated in future E-O systems, Candidate functions include sen-

‘sor ocontrol, display control, stabllization, target detection, tar-

get cuing, target recognition and classification, target ranging,
track acquisition, target prioritization, platform control, and
fire-control including weapons pointing., TI's presentation traced
the continuing evolution of integrating operator functions into ad-
vanced electro-optical systems, It was noted that for many func-
tions, the capability for total automation already exists. In the
case of these functions, the major barrier to integration is com-

ponent technology (i.e., the limits on how much electronics can be

contained in a unit with a specified maximum weight and voluma).
Much emphasis is being placed on the development of digital scan
conversion schemes since significantly greater processing capabil-
ities per unit volume can be accomplished using digitized imagery,
Image enhancement technigues are also being refined, The capabil-
ity for automatic target detection and recognition and subsequent-
ly the subfunctions of target cuing, classification, prioritiza-
tion, and acgquisition, represent a primary area of research.
Understanding the E-O image is a major barrier to the development
of such functions., Currently, researchers are deeply involved in
analyzing image data and daveloping algorithms which can be used
to axtract and identify targets from an image scene, Coples of
TI's Thernmal Image Processing presentation are contained in
Appendix A,
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Presentations made by Hughes Aircraft Electro-Optical Group
were keyed to two of their existing developmental projects: Multi-
Spectral Target Cuing (MYSTIC) and the Low Altitude Navigation Tar-
geting Infrared for Night (LANTIRN) system,

MYSTIC evolved from a Hughesa study on the utility and fcasi-
bility of combining imagery from several airborne sensors and data
sources on a single real-time display (DDC Document AD HO 43355),
The concept of simultaneous sensor display utilization is derived
as follows. Increasing the number of sensors on an ajircraft in-
oreases the probability of successful target acquisition because
of the target's multi~-spectral attributes, This is especially
true when countermesasures are employed since the target cannot
easily deny all its spectral signatures simultaneously., However,
increasing the number of independent sensors increases pilot work=-
load and eventually detracts from his capabilities. Missions such
as low=laval penetrations and weapons delivery at night intensify
the problem. Multiple sensor displays require that the observer
spend much of his time searching the displays, Time-shared dis-
plays require visual reorientation for each sensor change and also
continued switching to determine the best display. Combining sen=-
sor imagery by simple additive mixing has been shown to degrade
the total content. Hence the ideal system is one which can ex-
tract required information from the individual sensor imageries
and combine the information to form a useful and easi{ly inter-
preted presentation for the pillot., The MYSTIC program seeks to
develop and implemant simultanecus sensor concepts to produce an
enhanced autonomous target acquisition capability for attack air-
craft, Candidate sensors include multi-mode radar, FLIR, a laser
systam, radar warning receiver, electronic countermeasures (ECM),
navigation data (inertial navigation system (INS), GPS), and a
prior and/or linked data (i.e,, target threat data base and joint
tactical information display system (JTIDS)). Advanced processors
would align sensor information, extract and classify target sig-
natures, develop display presentations, and facilitate alignment
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~and handoff with E-O, radar, and unguided weapons. Multisensor
- _genfirmation of targets is expacted to:

l) 1Increase the probability of detecting between targets;
~ &) Increase the probability of discriminating between tar-
coscoqets and decoys)

“=3) 'Reduce false alarms;

- +'4) ‘Reduce susceptibility to countermeasures.

. Automatic target detection and classification are key
jqitmthttfof.uughon' multi-sensor development. Scan conversion
.7 ‘techniques and image enhancement are also important elements.
f;f;}f?rachlihé'tochniqucl are also under development to align and

1

. orrelate the individual sensor sources,

‘_'jf Following their MYSTIC presentation Hughes personnel dis-
‘cussed the LANTIRN program. The basic premise behind this weapon
- delivery and navigation program is to defeat the Russian Armor
""]"x,z?g,h:ue in the European scenario, It is well known that the East-
~ ern-Block has numerical superiority in armored vehicles and unless
the Western Block increases its tank destroying capability it
might be overwhelmed in a short period of time,

In order to reverse this trend it is claimed that air power
must "kill" 2000-3000 tanks per day for roughly 10 days.,

The aircraft selected for this program are the A-10 and F=16,
modifiad to take the LANTIRN pod, as well as a wide field-of-view
head-up display (HUD)., It is intended that these modifications
should make the aircraft autonoious.
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The LANTIRN system will provide the following additional
operational facilities:

1) Provide wide-angle IR sensor for navigation at night and
under adverse weather.

2) Provide separate narrow-angle IR sensor for target acqui-
sition, classification, and IR missile handoff.

3) Provide video for HUD and heads~-down display (HDD),

4) Provide automatic system for weapon delivery as six IR
Mavericks may have to be launched in 12 seconds.

8) Provide lamer ranger and designator.,

6) By using on-board real-time DMA digital data, provide
" ‘manual and automatic TF/TA system,

7) Improve covert environment of aircraft by increasing re-
liance on digital terrain data and reducing radar emis-
sion,

Copias of tha viewgraphs shown by Hughes in their E-O presen-
tations are contained irn Appendix B.

An e¢laborate and detailed presentation on Radar Advanced De-
velopment was given by the Radar and Digital Syatem Division of
TI,. TI first discussed future tactical air-to- ground scenarios,
pointing out the current serious deficiency in capabilities to
effectively perform night/all-weather air-to-surface attack mis-
sions., The solution: en advanced tactical fighter with autoromous
capatility to detect, attack, and destroy targets during night and
all weather conditions. In relation to requirements for advanced

ajir-to-ground radar systems in such an aircraft, TI discussed
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f;; applicable missions including clcse air support, interdiction, and
én deep strike as well as the related mission segments including pre-
cislion navigation, target acquisition, survivability, emitter loca=-
éﬁ tion and destruction, self-defense, and maritime strike, Low
33 levels and high speeds were clted as the primary mission profiles.
?% ! TI stated that suitable radar eguipment is not available today and
- will require major developmental activity. Table 3.1.3=1 lists
ii‘ ' the key air-to-ground radar characteristics required. TI went on
%% to discuss specific radar operational reguirements necessary in
jﬁ the previously cited mission segments, The radar modes required
_1 for precision navigation include real-=beam mapping, Doppler beam
Eé sharpening (DBS), spotliyht image (using SAR), and velocity meas-
'? urement. Xey radavr elements reguired to facilitate precision
g - target location include antenna position in inertial coordinates,
_"”“3 radar velocity measurements, high resolution SAR target detection,
%gf | and track and DMA terrain data storage and correlation., In assoc=
3i, iation with radar turgeting capabilities, requirements include mov=-
A ing target indication (MTI)/moving target track (MTT), grcund MTI
BA (GMTI)/ground MTT (GMTT)/DBS map, spotlight image, air-to-ground
) | ranging, ground target track, and target classification, To en-
iﬁ hance survivability, automatic terrain following, covert/stealth
ﬁ operation, and effective electronic counter-countermeasures (ECCM)
- are deemed nocessary. Defense Suppression requirements include
_5' pansive ssarch, paseive acquisition and track, range estimation,
i ac.tive acquisition, and active tracking., Long range detectlon
“@H slong with target classitication arae necessary for maritime strike
4 operations, Fvaaible technigues for redar target classification
f?f wera discussed, Comparing anticipated radar requirements to the
£ axisting tachnology, Tl noted a necessity for development in the
a following arwanm:
.
Efq l) Acquisition of high-=resolution data bases
,! 2) Targst clascification, identification, and prioritization
o]
i
Ng!
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3) Multi-sensor data correlation

WL o BT L

4) Automation for increased efficlency of data extraction

- i It was noted that current radar systems lack the capacity to
. ' fully use the sensor data. Signal processing capacity deficien-
'ciﬁliwira claimed to be primarily due to limitations of through-
~put, mamory, and versatility, TI believes these limitations can
'::b!uevetccmt through optimization of architectural structures, com=-
ponent development, and the development of algorithms to define
"‘gigral processor requirements and optimize the efficiency of sen-
5 iéf‘dlta.cxtraction. In the context of planned developmental
7 '~nctivit4ti¢ TI also discussed two of their existing programs: the
Téifaqdhr Target Classification System (RAMTAC) and the Airborne Elec-
weraiie-Terrain Map System (AETMS), TI concluded with a set of
- padar aystem projections for the 1990's, shown in Table 3,1,3-2,
“ithfqttltgdhll ¢f information was convayed in this presentation,
?on“idml,oﬂ the finer detalls, refer to Appendix C which contains
“oépies of the viewgraphs used in the TI presantation.

B E TR

- An informal meeting was held with personnel from the Radar
'Bylt‘m Group of Hughes Aircraft Company. The evolution of the dis-
ousaions was very similar to the context and ideology of the TI
_ Presentation. Two relevant predictions added by Hughes were
N achievable BAR resolution of 7 ft and MTI detection down to 1-2 ft
A psr 84c. See Appendix B for Hughes Aircraft Company presentation
material.

3.1.4 User Contacts.

Early in the study FDL organized a series of briefings to pre-
sent various Air Force views on the projected state of the art in
sensor systems. As most of the presentations ware secret, no
detailed data will be described,
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Table 3,1.3-2 PROJECTIONS FCR THE 1990'S -
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The first presentation was given by Captain Mike Poore of the

- T,

Alr Force Avionics Lab (AL), Reconnaissance and Weapon Delivery
© -pivision,

His presentation emphasized a need for higher resolution and
real time operation, In particular, he pointed out that recon-
iﬁ!{ll;ncc‘could not afford the delays of returning data to a base
for processing prior to dissemination. In fact, he suggested that
...Feconnaissance and strike might have to be from common platforms,

© The second pressentation was given by Lisutenant James Offen
APAL/RAT and described the development of the generation of 3-
’7diminlional bomputtr generated images from DMAAC data as a real
U time airborne systenm.

-8 ; ‘ This program is significant because of the following reascns.
;J‘Qf:rhi'hﬁaﬁb data is correlated with radar and radar altimeter height
B data as in Terrain Compariscn and an image is generated for the

. ;pilog for comparison with the visual or sensor images or in their
B 1 place if those are not available, Data can be added to the scene
(®0.sg¢) & target weapon site, etc,), whether directly viewable or
oceluded. In addition, the DMAAC data can provide TF/TA data when
not available from PFLR, should automatic TF be required, The

. DMAAC data can also provide data for flight path generation beyond
" the line of sight,

The third presentation was given by Jerry Pasek of AL/RWM.
Mr, Pasek's presentation was dedicated entirely to Electronically

k \ Agile Radar (EAR) and SAR., Of particular significance in this

:} presentation was the high quality of the radar generated images.

% The fourth pressntation was givan by Squadron Leader Stewart
'ﬁ Brussell (RAF, attached to AL), Mr, Brussell discussed Integrated
: 8tr ike Avionics Study, and Display for Correlated Sensor Data,

w Basically, the first program will correlate, screen, and perhaps
5

)
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simplify the inputs from a number of sensor systems while the
second program will define a display system to adeguately presen:
this data to the rcrew memhers. This type of program is under
investigation using digital video technigues by organizations such
as Hughes and Westinghouse.
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5 Figure 3.1.4-1 shows the variety of inputs that have to ke
> considered.

The final presentation was given by Gil Kuperman of AMRL
H/HEA and it concentra:ed on the particular problems of sensor
systems and cperational requirements,
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3.2 ANALYSIS

3.2.1 Sensor Characteristics and Trends

3.2.1.1 Radar Devices

This section summarizes the results of an investigation of
radar developments expected during the 1980's, particularly as
they relate to simulation. An investigation of the radar capa-
bilities anticipated during the 1980's was considered a necessary
first step in comparing the simulation requirements of the future
to the current capabilities of FDL. Coupled with a knowledge of
the current state of the art in radar simulation, this comparison
led to recommendations to FDL for upgrading their simulation capa-
bility to meet their needs during the 1980's (see Section 6.0).
Figure 3.2.1.1-1 is the Frequency Designation Chart showing radar
bands versus frequency. Figure 3,2.1.1-2 is an IR Transmittance
versus Wavelength Chart illustrating atmospheric windows for IR,

3.2.1.1.1 Microwave Sensor Systems

Microwave detectors contain a receiving directive antenna
system, arranged for sequential scanning of a field of view (FOV),

and operated in conjunction with a suitable microwave receiver.

Microwave sensors are of two types: one is a passive system,
composed of antenna, receiver, and display to show the microwaves
emitted by objects in the FOV, in a manner similar to passive IR
systems. The second type is an active radar system. Here the FOV
is illuminated by locally generated microwave energy, and that por-
tion re flected from objects within this region is amplified and

displayed.

32




IMVHD NOILVNDISHA ADNINOA¥A T-T°T°Z°€ 2anbta

{7HJ) AININC3IYS

BEST AVAILABLE copy

1) G0 %0 S0 tO £0 41 Si0 10
] Il i ! il ]

Il 1
R R 1
4 0t oy 05 09 sl 001 0s J0g {W3) KIONIIIAYM

0ot 5L 09 0§ ov 0t 114
L 1 1 l 1

AN

€0 v0 S0 90 SLO

[T JUu .
~N—f
UL omeden (O
O —t
g
Db n
’\12__0- o~
Qo

o

SNOILYNDIS30
8 v ACNIND3Y4
INJHERD

L 1 J _ SI0INDIAVM
[ I 4 QHVONVLS
—r — — 131A0S

| _

n/gel oy n/gs 9y N/96 94 | N/ES wa::m _,.EM n/25 94 |N/0S 94 N/6Y DY

33

n/8y 94 {n/voL 9Y N/S0T 9YIN/E0Z 98]1 N/LOZ 94 S30INDIAVM
G8VONVIS

531V1S 03ILIND

n/zii 9y /69 DY |N/¥0Z 94} N/T0Z 9y

n/6694 nite mz— n/is 9y

{131A08)
1] 6 8 SNOILYN9DIS30
AININD3IYY

(1) Mw)
d SNOILYNIIS3O
AIN3NDIYL

. . SNOILYNOISIO
,_ p| ™y x ) s 1 4HN 4HA AININDIHS
SNOIA3Nd

11 |

002 \o_on (W3) H19NITIAYM

1
LY 0 {ZHO) AIN3NDINY

dILIWITIN

1]

€0 ¥Y0 S0 S0 oS l St
1 } “

w
-
[
b=
<
~

< ~=r

Ste

| |
r U | LR
S0 90 S0

T -
0ol SL 09 05 O 0t 0z

gq— e
L
-

= —p—

o_n oy 05 09
!
i

[T1 3 S R

P

A e ()

LYVYHI NOILVNIISIO AIN3ND3IHY




H,0 AND ce,

H,0
2 CO,  Hy0

bt
e

TRANSMITTANCE ~

6 8 10 12 14 16 18 20
WAVELENGTH (MICRGNS & )
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Spectral Ranges of Interest - The spectral range of microwave
radiation runs from wavelengths of about 0,1 cm (1,000 um to 300
cm. All spectral ranges are of potential interest, but partic-
ularly heavy use is made of the following bands used for many
common types of surveillance/attack radars: X-Band, 3-5 cm (fre-
quency %5-11 GHz); and K-Band, 1-3 cm (frequency 11-30 GHz).
Also, interest is strong in the M-Band, 0.3-0.5 cm (frequency
60-100 GHz) for physically small passive sansors.

Atmospheric attenuation of microwave signals occurs, but not
in the form of windows as for IR but rather with smooth attenua-
tion, decreasing as a function of increasing wavelength. Precipi-
tation attenuation effects occur, also decreasing smoothly as .
function of increasing wavelength.

Sensor Resolutions = Azimuth resolution is a function of the micro-
wave antenna beamwidth in the horizontal direction., A typical
valus for one cm wavelength and 30 cm parabolcidal reflector
diameter is 2* beamwidth.

Range resolution for a radar is a function of transmitted
pulse length which provides pulsed illumination of the FOV, Typi-
cal transmitted pulses are of the order of us in length. For a
passive sensor, range resolution is a function of antenna beam-
width in the vertical direction,

3,2.1.1:,2 General Trends

The investigation was limited to airborne radar, with parti-
cular emphasis placed on the various air-to-air and air-to-surface
missions identified in the FDL facility long range plan., Observa-
tinns were grouped into two general categories) those relating to
general trands common to many forms of radar and thome unique to a
specific generic type of radar.
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Again, the emphasis was on those charactecistics important
from a simulation standpoint., One of the first, and perhaps most
significant observations, was the realization that radar is basi-
cally a mature technoleogy. The changes taking place today are not
the result of fundamental advances in radar technology, but rather
advances in other technologies which are now making it feasible to
implement radar techniques which have been known for some tima.

Perhaps the single most important trend has been the progress
made in-digital technology., Techniques which were known but not

_previously feasible have been making their way into new radar de-

signs as the advance in digital technology placed more and more
powerful tools in the hands of the radar designers. This trend
will continue through the decade. Recent technology forecasts
project major advances in digital technology. Circuit packaging
derisities will increase by a factor of five with speeds increasing
by factors of one hundred, Propagation delays will be measured in
picoseconds. Rockwell International is currently designing an

8 by 8 multiplier with a multiply time of 6 nsec,

These tremendous increases in processing capability will re-
sult in an citnnlion of trends we have already seen, More and
more radars will beccme multi-mode devices. There will be more
automation and increasing use of digital computers, Processing
algorithma will bscome move sophisticated, resulting in better
detection capability, improved signal-to-noise ratios (SNR), more
ECCM capabilities, better resclution, and psrhaps even target
recognition and identification. More and more radar parameters
which were previously fixed by the system design will become
variable and under program control of the radar processor. Car-
rier frequency, pulse repetition frequency (PRF), waveform, and
transmitter power will all become computer-controlled.
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As the degree of processing increases, the display presented
to the crew will become more and more synthetic, Raw video dis-
plays will be first supplemented and evantually replaced by syn=
thetic displays, The familiar radar target blip will be replaced
by a computer generated graphic symbol, perhaps in color, that
will indicate target location, heading, speed, rangs, altitude,
and other sensor-derived information, Radar data will be combined
with data from other sensors and also compared against stored
terrain data for correlation, navigation, improved targeting
accuracies, and increased target detection capability,

Many radars will become multi=purpose., Previocusly designed
systems were generally dedicated to a specific task, If the re-
sulting system happened to have a secondary capability, it was
usually very limited or of poor quality. Because of computer
control and complex signal processirng, new systems will be able to
perform multiple functions and do all of them well.

3,2.1.1,3 Forward-Looking Radar

Many of these developing trends present significant chal-
lenges to the radar simulation community. The remainder of this
saction will deal with some specific problems presented by emerg-
ing radar technology. The tirst problem is that of sheer complex-
ity. Past radars have had limited flexibility. A terrain follow-
ing radar didn't do much else. An air-to-air radar had very
limited ground mapping capability.

In contrast, the radars of the future will have great flexi-
bility., For example, the F-18 APG-63 is a coherent pulse=-Doppler
radar built by Hughes. With the exception of the programmable
gridded traveling-wave tube, it is fully digital, including a
programmable signal processor which employs a 256K word disk and
161 words of working storage, The system employs both high and
medium PRF, can interleave them for range-while-search mode or
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three automatic-lock-on dogfight modes, and uses DBS techniques
for raid assessment, A track-while-scan cipability will maintain

DL N . Gy SN

track files on ten simultaneous targets, For air-to-ground opera-
tions, the system offers standard ground mapping and air-to-ground
ranging along with moving target indication and tracking, fixed
target tracking, TA, sea surface search, and DBS capability with

aa Axa. & . o m

sharpening ratios of 19:1 and 65:1. As an indication of the

resclution being achieved, Hughes has statad that carrier arrestor

wires can be resolved on radar at 19 km out on approach, the ¢
equivalent of about 18 m definition in range and 9 m in azimuth,

according to the company.

3.2.1.1.4 Synthetic Aperture Radar

N A aa R A

: - 8ynthetic Aperture Radars (SAR) provide serious challenge to

f‘ the radar simulation engineer., BSAR is a concept that has been
knewn for over 10 years, It consists of complex processing tech-
niques applied to a collection of radar data collected over a
period of time from a moving platform., Platform motion creates a

synthetic aperture, or the equivalent of a much larger physical

antenna; with a corresponding decrease in apparent antenna beam-
width., Proper processing can focus the beam so that changes in
range that ocour during the data collection from a target will not
cause fmearing die to the Doppler shift caused by ths range
change.

g

P LS,

These systems ~re capable of very high resolution ground
maps, with rangs and azimuth resolutions under 10 ft, Processing
is 80 complex that these systems have previously been limited to
non-real-time reconnaissance use, Data was stored on film, which
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was then developed and processed, resulting in significant time

delays between the actual data collection and final results. Re~ . i
finements were made until the time dolays ware reduced to sevaral y
minutes. Modern digital technology now makes it possible to per- i
form this very complex procesaing in real time, Crew members will y
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have a very high resolution ground map display available to them
in real time, which would greatly improve target detection, navi-
gation, and weapons delivery capabilities,

3.2,1,1.,5 Terrain Following Radar

TF vadar capability will f£find its way into more aircraft
during the 1980's as survivability considerations place more and
‘more value on high-spesed low=level flight. Set clearances will
probably come down to about 100 f£t, TF capability will most
probably be accompanied by a compatible terrain avoidance mode.,
This feature displays cerrain which protrudes above a clearance
plane, and provides cues to allow azimuth steering to maximize the
cover provided by the nearby terrain.

Theres may be a possibility of supplementing the TF capability
with somo form of terrain matching system. Using a stored data
base defining known terrain features, it has been demonstrated
that precise low-level navigation is feasible over long distances
by comparing radar returns against stored data bases, It is easy
to visualize this type of asystem integrated with a TF/TA radar to
eanhance overall capability and provide a higher confidenc: lavel
necessary for automatic, high speed, all weather, day/night,
low~level flight.

3,2.1,1.6 Electronically Agile Radar

EAR, originally intended for use on the B-1 cr B=-52, has been
in development at Westinghouse since 1974, Thie is the firat
attempt at developing an airborne system which employs a phased
array antenna (not to be confused with a planar array). The
feature that makes the phasmed array unique is that the radiated
beam is controlled electronically, rather than mechanically. The
system baing developed by Westinghouse usea over 1800 independent
phase shifters/radiators. By controlling the relative phase being
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applied to the ind.vidual elements, the resulting beam caa be
formed electronically.

This provides two important characteristics, First, thy radi-
ated beam can be randomly positioned on a pulse-by-pulse basis any-
B ~ where within the total antenna ccverage, Secondly, the beam siape

“: U may also be altered on a pulse by pulse basis. This iwads to many

. possibilities, such as tracking multiple targets by hopping the

. ..beam from target to target, tracking targets in several locaticns

while searching in a different area, and even going so far as to

‘time=ghare major modes. For example, a fan bean acanhing a TF

- - scan pattern could be interleaved with a conventionel spoiled beam

M qround-mapping search pattern while a pencil hean maintained track

" on an airborne target, This spacial beam shape, called & cosecant

it aqusred beam, is required for airborne radars that scan ¢ large

- qround’ area for radar navigation (ground rapping). It in narrow
in the-horimontal plane but broad in rhe vertical plane, For
optimum recar ground mapping, the prrceicular seution on the ground

“7ff§§ﬁdﬁfilVbcing scanned must not be uniformly illuminated by the

fr“fldit:qun. Instead, the grourd and chjects on the ground under

~ the airoraft should be illuminated by 3 small amount of power,

' while more distant objects in the scan secto: are illuminated by a
gceater amount of power. Thersfore, the intensity of the beam

§ varies as the cosacant of the angle between the horizontal and a

;; line drawn between the aircraft and a given point on the ground,

f This results in an approximately equal amount of enecgy reflsction

throughout the scan sector. A common method used to obtain this
= type beam is to use a special reflector on top of the parabloic
dish. This roflector spoils the vertical plane of the aormal
pancil beam. Because of this, the oeam is ulso referred to as a
spciied beain., The possioil’ities with such a beam are numecous.

et

N
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3.2.,1.1.7 Radar Displays

Radar displays for military airborne radars have tradi-
tionally been dedicated cathode ray tube (CRT) displays from 4-~8
in. Both conventional CRT's as well as storags tubes are used,
with a variety of phcsphors., Many of the conventional CRT's are

" ‘lhtpiil,high brightness tubes and nearly all displays use external
‘:filtirl_tb accommodate the very wide range of ambient light encoun-
_tered in an aircraft cockpit. Deflection circuits may be either

__”nlcbtr05tatic or alectromagietic, Some older designs (F-111, B-l)
- employed a sarvoe=driven yoke for deflection and an optically
:pg:tcd CRT (to ullow strike photos to be taken from the lace of
- the CRT.)

. Tredicional radar displays are presented in a variety of
formats, with the most common including B-scan and single-radius

" affsst plan position indicator (PPI). The B-scan display is a

range=azimuth display in which a target return is displayed as a
‘brightening of the sweep., Horisontal displacement of the scan
from .the center of the scope corresponds to the angular positien
in asimuth of the antenna. Range is represented by the vertical
distance from the trace origin at the bottom of the scope. The
P=scan iu4 therefore a distorted horizontal projection of the
sector being 3sarched); tho distortion a result of the fact that
arimuth angle is represented as a rectangular coordinate ingtead
of converging toward the antenna as the heam actually does. The
advantage of this distortion is that close-in targets are pressnt-
ed on an expanded azimuth scale and the azimuth of theses targets
can be more easily read. Howevar, this distortion must be remem-
bered when using the B-scan for mapping or navigation purposes.

The PPI scan, a modified B-scan in which rectangular coordi-
nates are replaced by polar zocordinates, displays range and bear-
ing information. The trace is generated by sweeping the intensity
spot outward from the center Of the scope each time a pulse is
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transmitted, Targets are displayed by a brightening of the sweep
as in the B-scan, As the antenna rotates the trace rotates around

' the center of the indicator so that the angle of the radial line

7 4he territory surrounding the observing station of the indicator.
" Thic display is especially useful for wide-area searching, navi-

on which the target appears indicates the azimuth of the antenna
beam, The distance from the zenter of the indicator indicates
range. This type of scan makes it possible to produce a map of

i’“i””qation, and mapping.

For ground mapping, displays up to +60° by 200 mi range are

j "A:ypicll while weapon delivery might use a display of +5° by 2.5

i {' .mi. Newer Doppler systems often use a B-scan format to display
| ' range rate versus azimuth angle.

The growing number of aircraft sensors and the increasing

" amount Of data available for Aisplay (in a very limited space) has

led to the concept of multiple purpone displays basod on time shar~

fﬂf@ﬁinqﬂanc display haad fcr various senscrs or computsr generated dig-
1 plays: - The same CRT may be nused to display E-W, radar data, FLIR,
" weapon TV, electronic automatic direction indicator (ADI), or

LLLTV during variour phases of a mission, Each of these displays
will most likmly contain additional symbology superimposed on the
basic displey. This concept has led to the development of raster
scan display fornats {riven from a scan converter,

As the trend in scan converters has shifted from analog to
digital, the trend i1 radar displays has also shifted from analog
(raw video) to digitived vidao a discret® number of fixed grey
scalas, This trend has resulted from the advent of digital scan
converters a1d also fron the large increase in digital signal pro- *
cessing associated with modern radars. Scan conversion is requir-
ed co present irforination from various sensors in various formats

on a commecn display in a zommon format., It also provides a means
to superimpose compuier controlled symbology or computer generated




displays with sensor inputs., Digital signal processing is being
used to improve target detection and recognition, improve SNR's,
reduce clutter and false alarms, and aid the operator in display
interpreatation. In some highly processed radar systems, the
operator never actually views sensor video. He is presented with
a display that consists entirely of symbology, including target
re turns.

The next logical extension in displays would be to increase
the use of color to ald in rapid operator interpretation of the
tactical situation being displayed. Another technigque being in-
vestigated is the combination of information from several sensors
on a single display. An IR or TV display might be superimposed on
a radar return to produce a composite display that contains more
information than either of the component parts.

Obviously, other forms of displays are being investigated as
replacements for the CRT, Flat panel plasma displays and light
emitting diode (LED) matrix arrays are being considered as
alternates, but the CRT seems destined to remain as the dominant
display technology for the near future,

3,2,1.1.,8 Radar 8imulation Problems

There are several other unique types of radar appearing in
the literature, including bistatic, millimeter wavelength, and
foliage penetration radars. However, the types previously
described appear to offer the highest probability of being encoun-
tered, and they offer soms unique challenges to the radar simula-
tion community. First, and parhaps most significant, is the
problem of resolution, Past radar simulations have employed
either film plates or DDB's for both reflectivity and terrain
elevation data. Neither of the existing approaches can provide
acceptable solutions for the systems of the 1580's, Film-baged
systems offer large areas of coverage, but their resclution is




dimited to about 250 ft, uaing existing maps and scale factors.
:”;Iitll lyltnml in use alsoc have nominal resolutions in the 250-ft
s .*ngt, vlth selected areas (of limited size) perhaps stored to
“?*'"Iﬁﬂﬂft Fe€61ution, ' Neither of these approaches the 10-ft or
fttlolueion nccdcd for the systems of the 1980's.

”:gﬁtdﬁliﬁ‘ii‘iilb'complicntod by the fact that source data
7implyMnoe available with 10-ft resolution. DMA is preparing
bal “ f|t Luvcl 1 with 800-ft resolution, and limited areas
| WV' Level I data is scheduled
Giﬁgﬁ}gien botwocn 1588 and 1990 time frame. Level II data,

I ey

-

)!giigﬁ!{fiTCII only. Dltl with 10=-£ft resolution must simply be
i Uﬂlllillbli in eh. timo frame of this study,

\rww

ﬁ‘?’ly’ th! DHA duta base contains only gross desoriptions
“ifj; §? !Qnturnl. !er example, urban areas can be identified as
iwiﬁnﬁhl hﬁﬁfﬁipﬂqﬁ cnd ‘other areas simply as "forest". Link has
VI ;;tiqtld lynthttiu breakup techniques whish are pseudorandom
#ilihh‘i of generating realistic radar returns for these areas.
; ﬁ:ﬁhvtaua forms of texture have been evaluated. Good feature
ga_kdjmogkup can currently be provided with texture as long as cor-
L7 "selation is maintained from sweep to sweep. At this time it does
--not appear necessary to maintain the same kind of correlation scan
to soan since these areas, when presented on the actual radar, do
... het nncclllrily maintain correlation from scan to scan. Investi-
‘% gatien 48 dontinuing.

Texture is added by modifying the radar return across fea-
tures representing forests, urban areas, etc. Several different
matheds of wocomplishing this have been developed. The texture
patterns for each of these areas will be selected from stored
signatures (or computer algorithms) by the surface feature code.
Spatial frequency of the breakup is varied to represent different
surface character but contrast and area affected by breakup are
limited to avoid the appearance of artifically created features.
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Assuming the resolution problem is overcome, the next area of
concern is correlation, As more and mors detail i: added to the
radar presentation, there are more and more features to be noted
by an observer. A visual scene and a radar presentation genasrated
with 500-£ft resolution might appear very well correlated. How-
ever, the same scenes generated with 10-ft resolution might appear
poorly correlated, Correlation can present problems in scene con=-
tent as well as relative position., Objecta detected on one sensor
must be detectable on all other appropriate sensors (as well as
vigual), and must maintain positional accuracy on all displays.

As resclution continues to improve, it will become more vital to
use a common data base for all sensors and visual displays,

Electronically agile radar presents an additional problem to
be solved, Current digital landmass simulations all take advant-
age of the continuous nature of conventional antenna scan patterns
to minimise the amount of high speed storage needed for display
generation, Data immediately ahead of the antenna is the only
data which normally resides in high speed memory, With the random
scan position used by EAR, new techniques will have to be develop-
ed for data managemant, or costly increases in high speed memory
will be required.

These are but a few of the problems to be solved to allow
simulation of the radars being developed for use in the 1980's,

Advances in digital technoclogy, radar signal processing, and
miorowave techniques will bring continuing advances in the capabil-
ities of future radar systems. Simulation technigues, system de-
signs, and general performance requirements will continue to chal-
lenge the inventivenass of the simulation community during the
80's.,




3J.2.1.2 Electro-Optical Sensors
riZFVigfddiAE;bllonlors that should be considared for existing or
My future systens ave:

'.fﬁ?fﬁvbigt;ﬁo medium resolution TV, high resolution TV,
ULBLTV, missile TV

W*’fffife“ipIny migsile imaging IR (MIIR), IR search and

gﬁdk (IRBT); IR nose and tail warning

‘iflﬂitaf - Lalcr spot trackey (LST), laser warning receiver
iﬁxuna). llonr ranger and designator,

hln d!ploying new types of sensors in the near
,Efond”ld towlrd improving the sensors already avail-
fﬁ%lil will most likely be in common displays, enhanced
nd More Automatic and decision making features. These
i#éi 'would be less of a problem in a simulated systenm
"(he “ioblal aireraft system since many of the real-world
f!hnatfbnn. such as automatic target screening and classi-
e, “Image generating and display equipment 1n the simulator
‘ghould be capable of providing higher resolutionc than are re-
" Quired for present sensors sc that any improvements in rcal world
equipment would be of minor consequence.

3,3:1,2,1 Television

TV sensors provide video imagery of contrasting luminance in
% 4n Aasimutneelevation format. The imagery can be used for a

‘ variety of tasks, such as terrain and target observation, and as
an aid for flight control and weapons delivery. TV sensors become
lebds effactive as the scene i{llumination decreasses, and are also
adversely affucted by tog, clouds and smoke, Varicus TV systems
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contain different operating characteristics, such as resolution,
~f£ield of view, scan lines, etc, Typical characteristics are
~1isted in Table 3,2.1,2.1-1, The TV display can be useful for
mqqium-to-QIOlc range observations with minimum interpretation
~ since the video scane is a close representation of the actual
lirwlecno. TV sensors, like most E-O sensors, are gimballed and their
' fﬁ!ttiaular £ield of view can be slewed within a particular field
1‘"92Heov‘raqo. This feature can also be utilized for target
fﬁrggibkinq and- slaving to other sensors. For low light levels or
‘night=time operation, LLLTV wish image intensifiers are used. The
Smige- resolution is proportional to the scene illumination and
'*ﬁtll become noisy with a poor contrast and a granular display
”Iﬁplaranoo as the scene fllll below approximately 1/4 moonlight
ﬁllumtnation. Future LLLTV systems may use lasers to acan the
Nmgene and improve the natural illumination but the final displayed
ene probably would not change very much and therefore would have
_}kttttt !’icat on a simulated system, Missile TV usually provides
. a lower rnlolution image compared to daytime TV and the aspect
¥anio could be 11l rathar than 413, The effective operational
“#Ange for moht TV systems is generally less than 10 mi., Vidao
“bandwidths for the various TV systems range from 5=25 MHz,

3.2.,1.8.2 Infrared

IR sensors are very important for night-time opwrations and
for detecting strong IR emittors such as aircraft, missiles,.
vehicles, factories, etc, IR applications are similar to TV but
are not limited by scene illumination, TV is severely affected by
clouds and smoke compared to IR Bensors; howaver, water vapor does
limit IR performance and humid fog will have a severe attenuating
effect, There are various types of IR systems and typical general
characteristics are listed in Table 3,2.,1,2.2-1, FLIR and imaging
TR's presant a video image of the ocutside scene wimilar to TV,
however, temperature differences are sensed and displayed rather
than luminance differences. FLIR resolutions are often lower than

\
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daytime TV, Occasicnally FLIR sensor update rates are on the

order of 15-20 frames per sec but are usually converted to 30

- frames per sec for a standard cockpit display. FLIR sensors are
als80 gimballed and can be slewed in much the same manner as TV
sengors, Although FLIR's are ideally suited for hot spot detec-

" tion and target acquisition, applications such as ground mapping

5. reqQuire some interpretation since the thermal characteristics of
i 'most objects vary at different tims of the day or night and with

climatic conditionas., The effective operational range for most

"W,’imaqinq IR aystems is generally less than 10 mi, MIIR is similar

to PFLIR but generally has lower effective resolution and can have
~ & 11l aspect ratio, IRST search and track and nose and tail warn-
~ ing sensors usually consist of a smaller number of detectors which
are rapidly scanned through a larger field of coverage and with

h{'.f,longu; range capabilities. Typical ranges for IRST, which can be

positioned for nose or tail warning, are 15 mi for nose and 80 mi
- for tail sensors, Other IR warning systems have 5-mi nose and
25=-mi tail ranges, Those sensors are intended to detect and
possibly track anti-craft missiles and interceptors., IR nose and
tail warnings are usually displayed as symbols and may also
generate &an aural cue or illuminate a lamp indicator. Update
rates for some of thesa sensors can be up toc 5 sec but they are
usually processsd by means of a scan converter to provide a
standard 30-frame display rate when presented on a CRT display.

3,2,1,2,.2,1 Infrared Sensor Systems

The spectral range of infrared radiation runs in wavelengths
from about 0.73 um to 1,000 um with regions of particulax
interest from about 1.0um to 30um For infrared sensor atmo-
sphere, a number of atmospheric windows exist with infrared
transmission efficiencies of up to 908 in these regions, The
bands within atmospheric windows which are of interest to ground-
vehicle and low-lavel airborne IR sensors are approximately
0.3-1.5um (visible to near IR), 3.0-5.5um, and 8.0-14,0 um,
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IR detectors are of two major types: thermal detectors and
guantum detectors, Thermal detectors operate by absorption of
infrared radiation within a bulk detector material, This may
cause a temperature changa in gas pressure, as in a Golay cell, or

« change electrical polarization of a crystal, as in pyroelectric

.4 detectors., Thermal detectors are of relatively low sensitivity
but are independent of the wavelength of the incident radiation
and often may be operated at room temperature., Quantum detectors
operate through interaction of incident photons with elactrons in
& 80lid, operating as a semiconductor., Quantum detectors are a
function of the incident radiation wavelength, and uscally must be
operated at reduced temperatures.,

These detectors are used in two major types of IR sensors:
e ~ devices which use mechanical scanning of the field of view, and
n devices which use electronic scanning. A typical example of a
sensor using mechanical scanning is the Bendix Thermal Mapper.
This device provides a resoclution of 2,3 mrad, field-of-view scan
angle of 120°, and tempsrature sensitivity of 0.,5° C. The detec-
tor is an indium antimonide unit, cooled with liquid nitrogen,
which covers a wavalength band of 0,7=5.3 um.

Other similar devices typically use mercury cadmium tellur ide
detectors, cooled with liquid helium, covering a wavelength hand
of 8-14,;m. An aexample of a sensor which uses elactronic scanning
is a pyrolitic vidicon detector, which is a vidicon camera tube .
with pyroelectric target matecial., This tube is scanned in a man=-
ner similar to TV, except that the input infrared radiation must
be chopped, and the output waveforms reshaped, since the pyrcelec-
tric effect rasponds only to changes in the radiation levels,

. Work is in progresa on solid state charge-coupled devices which do A
not need the vidicon tube with electronic scanning, but umse arrays
' of quantum detectors, together with associated state-integrating
circuitry,
51
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3.2.2.2.2.2 Sansor Resolutions

e A detinitlon of resolution for a camera IR sensor is che
',f;number of resolvable picture elements in the field-of-view., A
3f*j'typicllvpyralittc vidicon camera as described in Section
'j,33y2;152.2.1-h|s a stendard 525-1ine TV format, so the number of

. pletura slements is 525 by 700 or 367,500. Special cameras, such
;. as Bh8RCA QIV=-8 return~beam vidicon have a field-of-view rasolu-
fg%}én?og'S)OOO TV lines, in a square format, for a total of 25 by
“3105*p1c£utn ¢lements, Currently thias tube provides response in
<thh v&n&hlc unu near-IR region only.

: A definition of roaolution for an electromechanical scanner
‘ftyga ot IR sen3or is the mcan angle resolution in mrad, typically
iéj 5 mrld for pvalant oystems. This will normally provide

)3.: i»i.i. Bnn;or Slaw and Zoom Rates

. Vlricul B-o sansors have different slew rates, The B=52

,“Elttirlblt tolnvilion (8TV) and FLIR sensors have slew rates of

90 per sec while the Pave rack pod can have a slew rate of 150°

‘ ’~fpur sec. Missile sensors can have hand~controlled alew rates
which can be in the order of &° per sec.

Zoom rates are usually relatively instantaneous. The

operator switches from one fixed field of view to another fixed
field of view,

3.2:1,2.3 Lawer

Lasers are an important means of designating targets., The
L8T and canger is primarily used to track ground targets and to
provide guidance and range information for weapons delivery,
Jymbols are generated on the seneor display that is being
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utilized, which is usually FLIR or TV. The operational range is
generally greater than 10 mi, Symbols are also generated by the
v IMR which is used to detect any threat .asers that are being
S 'f';directod toward the aircraft. These zignals are sometimes dis-
Pf”.‘-plnynd on the 360° PPI display and the range is generally limited
T 4o about 10 mi. Typical characteristics are listed in Table
: §§{3§¥.2;3-1. Future sansor systems may utilize a combination of
0. laser transmitters and infrared receivers which could result in a
,{Q,ﬂhigh”rnnqlution display containing range information. Lasers
: ;gpggg;gw;:_a range of wavelengths which are between IR and TV and
?lfo}!hirc!oro relatively susceptible to the same atmospheric
L eftecta,

ﬂ";.fj,§42.l,2.4 Laser Radar

S According to an article in a recent aviation technology

o2 publication (see Stein), laser radar has the capability of pre-

B ~ senting a small area of coverage with high resolution as compared
Gi* ... to conventional radar of low resclution with large area of cover-
o Aq.; Millimeter (mm) wave and laser radar are expected to evolve
" as complementary, rather than competing, technologies., Laser
vadar is known to have extremely accurate range-finding character-
istics, as well as precise identification capabilities, while
mm=wave is more efficlent at penetrating battlefield and adverce
weather conditions, Carbon dioxide laser radar developments at
United Technologies Research Center (UTC), directed toward
advanced development of two new helicopter-borns pods for the U,S,.
Army, promise to "usher in a true multifunction optical radar
carability.”

The flying laboratory had utilized a 500~1lb laser obstacle
and terrain avoidance warning system (LOTAWS), develouped by UTC
and flown successfully in 1975-76 on a Sikorsky CH-53 helicopter,
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The new pods will focus on NOE-oriented missions, providing
TF/TA avoidance, Doppler navigation and hover, and precision
search and weapon delivery capabilities,

The new pods will build on the technology developed for the
LOTAWS multifunction carbon dioxide heterodyning laser radar,
" built and flown for the Army Aviorics Research & Development
‘Abtivity at Ft., Monmouth, N.J. The pods are expected to fly on an
Army/Sikorgk-' UH=-60A Black Hawk.

APbd Number 1 is planned for delivery around June, 1981, This
- pod's design will attempt to reduce the size and weight of npresent
technology and provide ldentification processing of tank targets

¥ "1 Figure 3,2,1,2.4~1). Planned dimensions of the pod are 40
in. long and 8 in, in diameter, with a weight of 125 lb.

Pod Number 2 is expected to function as a sensor for signal
processing, using algorithms heing developed., Future developments
- in target identification and weapons delivery capability are
expected to use a 10-W variable output format and a programmable
waveguide carbon dioxide laser transmitter. A carbon dioxide
laser operates at frequencies of 1013 Hz, compared to about 1010
for an X-band radar system.

Thia increase of three orders of magnitude in frequency pro-
vides much smaller beam Aivergence, which varies inversely with

frequency, Dop-ler sensitivity is also improved by a factor of
100 to 1,000 times,
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3.2.1.2.5 Displays

8ince alphanumeric messages and symbology will be provided
along with sensor data on many current and future aircraft, the
tendency is to use a single multifunction display. Now and in the
rear future CRT displays should be in use. The widespread

. application of other types of displays, such as liguid crystal or
‘plasma, does not seem probable in the near future. General char-

ictc;ilhicl of a typical simulator multifunction display are as
follows:

l) . Viewing Area - 8,5 in, horizontal by 6.5 in, vertical
- a2) Phoaphor = P=43
3)  Video Bandwidth - 20 MHs
4) Brightness/Contrast - 8:l1 contrast ratio at 500
ft-candle ambient
-%) - Hoxizontal Scan Rate - 26,25 KH2
6) Raster Lines Per Frame - 875
7) Vertical Bcan Rate - 60 Hz per field, 30 He per frame
8) Video Input - Composite R8170 compatible or
non-composite
9) Synchronieation = Internal or external RS170 compatible.
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4.0 MISSION TYPCS AND REQUIREMENTS

H9ﬁ?§5i§hﬁEQuh'reln of FDL's flight simulation requirement tends

::elplbiliticl of advanced sensors and their displays are
Just a8 the training simulator designer evaluates trade-
Shat. will provide the appropriate cue environment for the
,g:gingng sasks assigned in a cost-effective manner, the purpcose of
ﬁﬁii ltudy is to examine the real needs of this facility based on
,nilltﬂh regfuirements and determine how to economically satisfy

.. thosa” needs. ’ |

Lo IRorder to focus on thesa requirements the study team re-

" yiawed the mission needs as stated in the SOW and attempted to
evaluate how best to provide those regquirements., The implications
of those findings should be explored before examining the specific
mission, As mentioned above, the role of this facility is quite
sophisticated and, in most cases, requires simulation capabilities
beyond the state of the art (S8OTA). The problem then becomes how
to apply current and near~future S0TA to provide a creditable
research capability, The answer lies in taking advantage of:

1) Experiments that (in general) will concentrate on

specific short-term segments of the general mission of
U.,8, Air Force combat crews and,
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2) The fact that this facility will not be used for train-
ing, This allows dedication of current and recommended
future capabilities to specific experiment types for

- whieh they are best suited, This will be possible
because unlike most training environments experiments

. oonducted in this facility can tolerate discontinuation

. .caused .by multiplexing sensor data basea sources.

4l AINSOR CAPABILITIES
,;:f?ﬁﬂ.il required "to effectively conduct advanced aircraft
éiiﬂiéif ‘gtudies and flight control system developmants under
u‘vQT&L ‘HISBION simulation,” (5-Year Plan, p.l). This man=-in=-the-
1Ilﬁ°! aninnlring simulation must represent both the natural
a~a§nvitcnmont (terrain, foliage, and weather) and battle-induced
_”ﬂanvitonmlnt (smoke, gunfire, threats, and countermeasures), Among
7 ghw naw @oekpit alemants to be involved in these tests are digital
. flight centrols, time-shared displays, and keyboards.

The purpoae of this study is to i{dentify those simulation ele-
ments involving advanced sensors, such as TV, LLLTV, FLIR, BAR,
FLR, EAR, k-0 scanner tracker, and laser radar. These sensors may
be operational on combat aircraft throughout the 1980's and early
1990's, and hence need to be simulated at FDL,

Unlike the past, when each sensor had its own dedicated CRT,
current practice integrat s a number of sensor outputs on a single
CRT, This practice is dictated by limitations in cockpit space
and the nsed to keep aircrew workload within reasonable bounds: it
ig easicr to obtain information from a single integrated display
than from several independent displays, each of which provides
only one type of information. This trend to multifunction
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displays produces a number of benefits in addition to conserving

cockpit space and reducing aircrew workload:

1) Sensors can be modified and new sensors added without
making significant cockpit modifications.

2) Reliability is increased in two ways. With a smaller
number of display heads, there is less to go wrong, and
if a display head does fail, information found on it can

usually be cbtained from another display head.

A rather remarkable convergence of practice with respect to
display heads has taken place, and it is virtually certain that in
the foreseeable future, sensor data will be displayed on a data
head system comprising:

o A HUD, whose primary functions are flight control,
weapon delivery, and forward-looking sensor display.

o A helme t-mounted display (HMD), whose primary functions
are flight control, weapon display, and slewable sensor
display.

o A vertical situation display (VSD) with much the same
function as the HUD.

o) A-horizontal situation display (HSD) used for naviga-
tion, tactical situation display, threat analysis, and

display of downward looking sensors.

These four display heads may be supplemented by advisory dis-
plays on either side -- a left situation advisory display (LSAD)
would display downward looking sensors, navigation data, stores
management data, display option lists, system status and activi-
ties, and threat analysis; and a right situation advisory display
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(RSAD) would display erergy management data plus engine status and
activities,

Table 4,1-1, taken from Krebs et al., summarizes the func-
‘tions of each of these display heads, Two aspects of that figure
©are especially inportant: the back-up functions (secondary func-

*ftiﬁn.) oorv.d by each display head (labeled DISPLAY in the table),

'li‘fand the image types (forms of information) for each display head,
- In the PFDL simulation, any type of display (raw video, digitized

Q@ﬁg, symbology, or lines) must be displayable on any display
‘hwad, simultanecusly, and correlated in both space and time.

,i”‘ While the configuration of display heads treated in Table

~~ 4sl=l is most directly applicable to single-seat tactical air-
‘+ggggg;,qlnd the pilot seat of tandem, two=-seat tactical airoraft,
display heads for the back-ssater (or for other-than-pilot crew
-ppmbars of multi-seat combat airoraft, such as strategic bombers)
‘will be composed of the same elements. Hence, for the purposes of

50 7 4him atudy, meeting the requirements for a single seat tactical

. e .-.-A -‘.-A.-o

‘direraft will result in meeting the requirements for any aircraft,

The missions and mission segments described below are rele-
vant in that they impose spacific requirements on cockpit displays
being eimulated, such as the size and characteristics (terrain,
cultural features, emitters) of the gaming area, the number
density and characteristics of objects in that area, resolution,
acouracy of alignment of different representations for the same
¢bject, eto.

The contents of the sensor displays can be categorized into
the following five zategories:

l) Terrain Data

2) Cultural Features
3) Ground Targets
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4) Airborne Targets
5) S8Symbolic Data

The following discusaion treats the requirements for the
amount and resolution of data in each category.

Torrnin Data ~ This must provide several types of terrain, ranging

"?7;g£rﬁm mountaihl (e.9., Fulda Gap) to deserts (e.g., the Mideast)
with the resolution determined by the sensor system being
- . simulated,

' lilw!llturil = Thess have to be oompatible with the terrain

. , Ii¢ia£nd;‘hownvcr, by judicious choice of terrain, requiremants
R !or dulturnl features can be ninimized.

i

‘_}ﬁﬁf !oun Targotl = This represents a most important data category.
~ Three of the crucial igsws arising with respect to its simulation

SR T

1) What types of targecs need ba simulated? Moving vehicles
(tanks, armored parsonnel carriers, and trucks) which
have to be distinguished from each other by the tactical
pllot, are required, Other tactical targets, such as
8AM's and rivercrossing equipment, should be provided,

2) What is the minimum number of targetes of each type that
is required? 1In view of the possibility of engaging many
ground targets during a single firing pass, several dozen
vehicles may be raguirsd,

) 1Is motion required of vehiculayr targets? VYes, because

vehicle motion is used as aid to identification and as
input for prioritizing.
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Alcborne Targets - Both aircraft and missile targets are needed.
Ax oo A rotal of six simultaneous airborne targets (aircraft, air-to-air
.-miltilil. ‘and SAM's) would appedr adequate for FDL's requirements.

a - Th. amount and kind of symbolic data shown are

“1) Mr=to=alr, air=to-ground precision weapon delivery
. agsouracy

X TRATA

"r“thnbﬂ-thn-oarth {NOE)

 Extended gaming areas

). Performance variation (i.e., sub/supersonic regimes)
Envirommntal variations (visibility, etc).

The following paragraphs address these requirements from the
point of view of real world or generic requirements. It should be
noted that thess will only serve as a basis of comparison in the
parame tr ic evaluation presented elsewhere.

4.2.1 Weapons Delivery and Accuracy

Alr-to-ground weapons to be employed in planned FDL studies
are those currently in the inventory and evolutionary davelopments
of them. Delivery accuracies range from circular error probabili-
ties (CEP) of 50 £t for conventional "iron bombs" to CEP's of 5-10
ft for E-0 guided and 2-5 ft for laser-quided weapons.
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4,2,2 Terrain Following and NOE

- It is anticipated tuat a substantial portion of the flight
profile of air-to-ground missions will be flown at low altitude to
avo id detection by enemy radar. Minimum altitude to be flown
depends on the terrain and the threat, among other factors. It is

.- - oprobable that altitudes flown in combat will be substantially
. .lowsr than those used, for safety reasons, in peacetime training.

FUL may well wish to simulate such wartima altitudes. A good

| 7 estimate of this minimum wartime altitude is 100 ft; an altitude
~rof~ 50 £t is well within the range of possibility, especially where
__the terrain is flat and enemy defanses strong.

| 1t only peacetime altitude minima need to be simulated,
200-250 £t would be adequate.

”ilifﬁ"daﬁiﬁg Areas

Since the typical radius (take-off to weapons release) of

- &igmtomground missions is approximately 300 mi, with maxima in the
- 500 to 700 mi range, the gaming area provided should be about 500

by 500 mi if such mission simulation, including gross departures
from planned flight paths, is required., However, a significant
cost element is a function of the size of the gaming area, and
hence corsiderable sconomies might be achieved by using 500-mi
long corridor, rather than a 500 mi square. Such corridors would
have the following properties:

a) Their width would not necessarily be uniform along the
track (or from one corridor to another), but would vary
with the maximum altitude likely to be flown at any
point,

b) Their length would not be & uniform 500 mi but would be
tailored to specific experiment/mission requirements,
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c)

To cope with departures from the planned flight path,
one or more of the following approaches can be taken:

1) A forking corridor can be included where there is a
reasonable expactation of a change in heading.

2) The corridor can be widened where there is a
reasonable expectation of an increase in altitude,
or a moderate departure from the planned flight
path,

3) Image detail can be increassd when there 1s a
reasonable expectation of a decrease in altitude,

4) The experiment can be aborted if the simulator
aircraft departs too far from tha anticipated
flight path.

%) The amount of terrain detail provided will gener-
ally be uniform across the width of the corridor,
but can vary along its length to meet specific
mission requirements and altitude expectations.

6) To compensate for learning effects and to enable
more confident generalization from experimental
Jdata, several versions of each corridor can be
used, To soms extent this corridor redundancy can
be reduced bty flying a given corridor in both
directions.

The econam'es mude possible by the use of the corridor )
approach piace a burden on the experimenter in that he or she muat
deL.ne the mission and the experiment be fore incorporating it in
reasonable deatail the production of corridor imagery. With a
square gaming area, such preparation is not needed, assuming that
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provision for meeting all probable imagery requirements is built

in,

Whether the sguare or tha corridor approach is taken, a vari-
ety of terrain is required, including at the typical European ter-
rains (wooded, hilly to mountainous) and Near Fastern geography
(desert).

4,2,4 Environmental Conditions

The degradation of various sersors {(including the human eye)
by such environmental conditions as darkness, clouds, fog, rain,
ice, and snow needs to be simulated. Effects need not be simu=-
lated for each combination of sensor and environmental condition;
for .example, lasers are not affected by darkness, and certain

laser frequencies are not attenuatsd by water vapor.,

4,2.5 3Sensor Parameters (accuracy, FOV, etc,)

The characteristic values of the parameters of each sensor
nust be appropriately simulated so that the task loading and
system performance in the simulator can be generalized to aircraft
situations.

For imaging sensors, the modulation trarsfer function (MTF)
curve and FOV must duplicate real-world valuea; for range finders,
accuracy, variability, and beam width ef{~cts must be duplicated.
Tolerinces on these variables should be sufficiently tight so that
the sensor's ocutputs seem correct to the pilot (or other crewman),
and provide him with the same level of task 'cading and the same
total system performance level.

Applying these criteria to the wide FOV sensor of the LANTIRN
system (similar considerations apply to its narrow FOV sensor de-

signed to detect and track "hot" surface targets), the display
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i#ﬁ{:iyiiim'lhbuld be identical to the real-world system for such
'Qﬂfﬂlrlmntarl 48 brightness, resolution, and FOV. It may well be
}3§§¢¢l§fih1‘ 'to use the actual LANTIRN display system, driven with a
“wimulation-derived signal. That signal, the output of the image
qlnlrltiun systen, noodl to provide resolution, SNR's, and imaging
fdéhﬁtnt meting the requirements for imaging sensors discussed in
-tNe previous paragraph.

,@gﬂmu;;wwn CONSIDERATIONS

A ordcr t0° lVllUtt. the advanced sensors described esarlier,
a-btotal ‘miwsion simulation with the pilot in the loop must be
UPEQYiﬁnﬂn Auwh.aimulakion must provide a realistic context for
tlihl involvtng these sdvanced sansors, duplicating the task
”&;;iﬂ; that would prevadl in the aircraft. An important element
1ﬁ7thii task loading requirament is the simulation of the
;nutntho-eockpit ‘view, S8uch visual simulation must are high
ﬂtid&l&t&.to Asaure that visual tasks, such as acquisition and
‘ﬁuﬁﬂﬂﬁniiiiﬁlt&on of ground targets, are of realistic difficulty.
Tha effect on task loading of inappropriate fidelity =« such as
with a digital system lacking sufficient edges to embed the target
in realistic visual "noise”, or with a camera-model system (CMS8)
providing insufficient deteil, and hence permitting target
recognition only at much closer than real-world distances =-- can
lead to loss of confidence in the results of studies employing
thase advanced sensors.

While camera-model visual systems can provide the needed fi-
delity over parts of the mission spectrum, they have critical limi-
tations in the low-altitude regime, as the diffraction effects in-
herant in a probe lens of a small enough size to permit low alti-
tude simulation with a reasonably scaled modelboard preclude such
a lens from providing needed rasolution, If the diffraction ef-
fects were minimized by using a larger lens, the probe containing
that lens could not get sufficiently close to the model board to
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gimulate the low altitudes at which many of the radar-avoiding
70 - atketp-ground missions are flown. Section 6.3,2 discusses the
“©. tradeoffu involved, and Figure 6.3.2-1 plots the diffraction-
-, - caused yssolution limits versus lens size limits on minimum

. sititude for each of several modelboard scales., It should be

. rememberad that the theoretical values shown in the graph are
J,,;til¢apimiltic in. thlt resolution is degraded by lactors other than

‘:Fi?diztvlction, and the edge of the hypothetical probe lens cannot be

?fﬂnllpwoq,pv,aotuully touch the model board,
o -Thul,'with a CMS8, a realistic air=-to=-ground mission can not
_fﬁfbﬁ iimnlatcd in its entirety, although parts of it could (e.g.,
’;'ffrcltaivtly high altitude cruise, a modelboard representing only a
. BoAdl gxound. svea, a few seconds before and after weapons
" raleam). .

.1 CIG.systems do not have the depth-of-field problem, dif-

- feantien limits on resolution, and modelboard size related
'~”roggr1qg19nl on gaminy area intringic to CM8's. Whereas the

a a.tdnrmlnc. of camera-model systems is largely limited by the laws
of physics, that of CIG systems is limited by technology and
dollara, and as digital technology continues ite rapid improvement
with time, a given budget will be able to purchase increasingly
capable systems as the year of delivery advances to 1990, 2000,
and beyond,

For the forsewable future, howsver, CIG systems will have a
much more limited number of pixels per frame or per arc min? than
do CM8's. In order to evaluate the effact (on task performance,
task loading, etc.,) of the limited number of pixels available, one
must first optimize the use of the pixels that are available.

The scarcity of pixels in current (and forseeable) CIG sys-

temy has at least two deleterious effects that are likely to
affect the task performance and/or task loading of the pilot uusing
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such a visual system for a task such as air-to-ground weapons de-
livery., First, because of limitations in the number of edges or
facets that can be processed and displayed at any given time, it
is necassary to model a given feature with an increasing number of
edges or facets as it is approached and its angular subtense

‘increases., Since this increase is necessarily discontinuous, the

increased detail "pops out" as one nears the object, rather than
increasing continuously and gradually, as in the real world. A
sacond deletericus effect (this one not uniqua to CIG systems)
ariges from the fact that one of the cues to distance or altitude
is that class of widely distributed features one can first distin-
guish == blades of grass, leaves on a tree, branches on a tree,
separate trees. If a visual system does not have sufficient reso-
lution and detail which compromise the eyes' acuity, then this
important cue is falsely presented, and the pilot must be much
closar to the scene to perceive, for example, separate trees. In
such a situation, he must not only place greater reliance on other
distance cues, such as object size or streaming effect, but must
discavd the false cues -- a difficult action to take since this
cue has been a firmly established part of his behavioral
repertoire, '

In order for CIG systems to provide the same task difficulty
and task loading that is present in the real world, these two con-
sequances of the pixel shortage must be overcome. The "popping
out" of objects (or object detail) can be minimized by modeling
small increments in detail between various versions of features,
and assuring that features 4o not disappsar once they "pop out"
with normal forward-looking, forward moving flight. Duplication
of the "I must be x mters from that forest now because I can just
distinguish its individual trees" phenomenon requires both a high
system resolution and a sufficiency of individual trees, branches,
and leaves., It is not known at this time whether these details
can be adequately provided through texturing techniques, or wheth-
er facets will be required.
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4,4 DESIGN REQUIREMENT CONSIDERATIONS

Several points should be considered prior to exploring
technical solutions to the problems discuseed above. There are
three pointe of relevance that will assist in developing the
concluding recommendation of this study.

Firxst, as previously mentioned some latitude can be taken in
the evaluation of the facility requirements and later in the de-
sign, structure, and reality of the experiments, This will allow
researchers to perform experiments in a laboratory environment and
derive valid results., This facllity is intended for research in
apecific man-in-the-loop experimants., For the short-term plans
(cruise and navigation exercises notwithstanding), mission capa-
bilities can be narrowed, For example, this concept allows the

facility dosigns to develop capabilitiss related to specific needs

singularly rather than on a continuum. Thus, for cruise=-oriented
exper iments the design is permitted to suggest multiplexing senscor
displays with separate image generators: CMS for take-off, land-
ing, etc.,, and CIG for cruise. This flexlbility permits construc-
tion of a creditabla system even though simulation technology SOTA
does not permit the design of a single system to satisfy all
needs.

The second consideration of note for the facility design is
tha+ the specific parametric needs (Section 4.2) derived from real
world miasions need not be reproduced 100% in order to develop a
creditable gystem. There is also great advantage to the facility
designer in that SOTA trends in sensor displays are directed
towards the synthetic image., Thus, the requiremants to simulate
high resclution detection equipment are minimized due to the
technique used to display the information to the pilot. This does
not alleviate the problem of placing and detacting elements in the
operating environment, but it does reduce the difficulty for ele-
ments of concern (targets, emitters, etc.).
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The third advantage for the facility design is related to the
equipment used to provide the sensor displays. 5Since the SOTA for
airoraft displays is tending toward synthetic video (raster and
calligraphic) a generic system can be employed in the system,

This system must be flexible (e.g. variable raster line rataes),

- but can be used for a variety of applications. This is due in
part to the similarity in design between real-world systems and

pobontial simulation systems, i.e. each consists of display

;qcntrutorl, ‘memory, moftware, and display heads for mixed raster
and calligraphic. images.

Although the requirements placed on the FDL facility are
catromnly complex, the points ocutlined above will allow facility
doliqnorl tc develop a useable system,

72



;Q
A
.l

5.0 SIMULATION, STATE OF THE ART, AND TRENDS

This section will discuss and evaluate all available image
genaration and processing techniques. Each, of course, offers
advantages and disadvantages in sensor simulations., In this sec-
tion, only the technical merits and limitations of each approach
are considered, Later sections of this study will investigate how
wall each simulation technique solves the problems faced by FDL,
how well it marges with existing hardware at FDL, and what poten-
tial each technique offers for expansions in anticipation of
future sensor simulation problems.

5,1 IMAGE GENERATORS

5.1.11 Camera-Model System

Thii type of system has clarrly nstablished its usefulness
and has becoms a major contributeor to the art of simulation. 1In
the context of this study, its importance is amplified by the fact
that Ewo CMS's lro‘alrcndy part of the existing FDL facility and
because the wealth and realiem of details of certain sensor simu=
lations point directly at the known advantages of these aystems.

To understand these advantages and the egqually well-defined
disadvantages, this section presents the fundamental operat.ng
principles, lists some successful applications, and discusses the
major system components which limit performance and application in
general and move specifically in the realm of sensor simulation.

S¢1.1.1 General Principles

The major components of a camera-model image generation
system includet

1) A scale model of the terrain area
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2) A bank of lights to illuminate the model
3) An optical probe which collects light from the point in
the modasl space corresponding to the simulated observer's
eyepoint
4) A closed circuit TV (CCTV) camera, which receives and
: Lﬁ;gl relayed from the optical probe T
S O :ifilhtry to position the probe and camera assembly to
- - eollect light from the correct eyepoint

~ In recent CM8's the models have baen 24 ft wide by 64 £t l
long, standing on edge in a vertical plane. This orientation has

distinet advantages for model and light bank access and floor i

space censiderations and it also allows the gantry structure to ;

'~ carry the probe and camera across the length of the model, thus ‘

~“minimivwing bending moments on its structure. This gantry tower

" rolls on a horisontal track rigidly anchored to the floor. In '

prinoiple, the model lengths can be made arbitrarily long (simply X

© 'by’laying more track for the gantry), but customer space limita-

% tiohs have held model length to 64 ft.

5.1.1.2 Modelboard

85,1.1.2.1 Model Size Consideration !

Extending the model width beyond 24 ft, although not impos- 4
sible, has major implications for the design of the structure and |
of gantry servos, and requires undesirable amounts of overhead !
building clearance. A serious consideration in sizing models is ‘
the power required for illumination, CMS's recently lnstalled at .
Port Rucker require 200 kW of power to illuminate a 24 by 64-ft ,
model to a level of about 7000 ft-candles. | <

The area of a model of a given size may be use to provide
coverage of a large gaming area at a low level of detail, or a
smaller gaming area at a higher level of detail, depending on the

.
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scale factor chosen, Rigld models have been made with scale
factors ranging from 370:1 to 5,000:1, Given the real-world
vehicle performance, tha scale factor determines the required
gantry servo accelerations and maximum and minimum gantry velo-
cities (for smooth operation), The choice of model scale is
strongly influenced by considerations of depth ¢f focus in the
optical probe and by minimum operational eyeheight requirements.

5.1,1.2,2 Spacial Paints

Selected objects on the modelboard are scmetimes painted with
pigments whosa wavelength spactrums are inside or outeide the
visual spectrum but within the camera range of sensitivity., Such
painting must be in compliance with paragraph 4.3.1,2 of the SCOW,

Technigques for selecting these spacial paints fall into two
distinct classes. When the paints are chosen by passive methods,
they are chosen to be optimized for the particular sensor system
or portiona of the spectrum (for which the balance of the system
chain yields sffective results), Tha disadvantage of such methods
is that they limit the system to a narrow range of sensors center-
ed on one fregquency band., Active mathods, on the other hand,
modify the model or paint characteristics by exitation from an
outside source. One example of this is application of heat to
selected areas of the model via embedded electrical resistive

elaments,

In the field of camera model simulation very little work has
been done in testing paintc for reflectivity and absorptivity at
wavelengths outside the visual spectrum, However, during the
production of the 2B=31 helicopter simulator program some testing
was done to pick the paints that suited Link's Probe Helight Sens-
ing IR emitting assembly. The tests established paint aurfaces
that reflected a minimum of 35% in the 8400-8500 nmi range. A

listing of these paints is on file at Link.




Link has attempted to paint selected objects with special .
pigments to emphasize protrusions and shapes that should be rec-
ognized through the display system. The testing was done on the
2B=31 CM8 and the mathod found to be ineffective.

Fluorescent paints were incorporated on the KC-135 aerial
refueling prototype camera model system in 1964 and in the
Strategic Air-to-Air Combat (SAAC) program in 1976. The paints
were excited by ultraviolet incident radiation to a level where
the continuous fluorescence of visible radiation was strong enough
to be effectively picked up by the camera of the system. The SAAC
system at Luke Air Force Base in Arisona is being used success-
fully as a target illumination subsystem in the nimulator.

PEP S R

The U.B., Government is currently testing some paints that
have absorption capacity in regions that could interfere with
sensor detection (radar radiation region), No data is available
at this time., It may very well be possible to modify existing
terrain modelboards to simulate the desired sensor displays. Much
work ls being done by companies such as Martin Marietta, McDonnell
Douglas Electronics, Northrup Corporation, and Texas Instruments,

Many of these companies are using techniques such as special
target encodements with IR responsive paints, video processing,
and other techniques to yield IR responses, The previously men-
tioned companies were contacted informally and were reluctant to
discuss their work since most of this work consists of in-house '
development efforte to support aircraft and sensor development 2
programs and all of the technology is proprietary with the company
which has sponsored the development,

Discussions were held with Independence Scale Models Corp. of
Philadelphia, PA., They were adverse to disclosing datails of the
me thodology involved but were willing to disclose some of the char-
acteristics of model systems that they produced involving active

me thodology aimulating the visual and infrared wavelengths.




Independence Scale Model Corporation has completed the fabri-
cation of Thermal Terrain Model #MT-168 with targets and controls
for the U.S.,A., Missile Command, Advanced Simulation Laboratory,
Redstone Arsenal, AL 35809, Some specifications regarding thelr
product are summarized in Table 5,1,1,2,2=-1.

The three arsas of electromagnetic radiation were controlled
by color pigments for the visible, special pigments and illumi=-
nation techniques for the near IR, and heatinyg elements behind the
targets for the thermal IR, All three areas were succeasfully
used to test sensors,

In conclusion, this area shows some potential for simulation
of sensors; however, the use of passive methods would require a
significant amount of developmental activity, and the use of
active methods would most certainly involve major modifications to
the existing facilities,

Table 5.1,1.,2,2-1 THERMAL TERRAIN MODEL MT-168

Area: Test Area Three (3)
Scalet 11500
Spectral Response: Visual .4 to .7 microns
Near IR .7 to 1.5 microns
Far IR 3 to 15 microns
Targets: Bulldings, military vehicles (trucks and tanks)
Control: A control console was provided which had individual
controls and adjustments for terrain, water, and r
target heating.
Summaryt Thermal Terrain Model #MT-~168 dascribed above
represented a portion of Test Area Three (2)
Redstone Arsenal, Alabama. This 8 by 16 £t 11500
scale model depicted real-world spectral re-
flectance characteristicas in the visible, near
IR, and thermal IR,
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S.1.1,2,3 Target Scaling and Highlighting

‘The addition of target models at an exaggerated scale is a
viable technigue. This results in acquisition of the targets by
the pilot at extended rangss, thereby circumventing the inherent
resolution limitations of the closed circuit television and dis-

“ play systems in the simulation,

o Thiq can be a valuable technique in fairly wide field-of-view
systems or in cases where weapon launch is at a range whers a sig-
nigicant quantity of surrounding cultural detail is included in

the acene. Because of the increased sizes of targets provided,
the pillot may underestimate the distance to the target.

- This technique was found to be very helpful in the case of

" the AH=lQ Cobra Simulator (Device 2B33) for tracking, optical,

wire (TOW) weapon training, In this particular case a model scale
of 150011 was used whereas the target scale was 50011,

In conclusion such techniques are valuable but must be used
with caution, since the selection of target scale is a function of
simulator visual system characteristics, unique sensors required,
and the mission being simulated. 1In general it would be a simple
task to change target sizes on the model as a function of the
mission scenario,

5,1.1,3 Illumination,

Ideally, the lightiny for a CM8 should have the following
desirable characteristics:

1) High lumen efficiency (the light output (in lumens) per
{nput electrical watt should be high)

2) Insansitivity of light output to increased temperature

3) Good color rendering




—ad
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4
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4) High optical delivery efficiency (the smaller the source,
the easier it is to produce a fixture which delivers a

» high percentage of the lamp's light to the model surface)

5) Long lifetime

6) Good control of intensity (ideally the lights should be
infinitely variable from zero to full brightness without
dntroducing a color shife)

‘The types of light sources that can be consicdered to fulfill

. these requirements are listed in Table 5,1.1.3-1 along with their
- advantages and disadvantages. Historically, the fluorescent

. source was used almost exclusively by CMS manufacturers before the

gé 1970's, With the advent of metal halide lamps, some manufacturers
: switched to metal halide while others stayed with fluorescent. For

color CM8's, the clear superiority of metal halide over fluores-

" gent and all other light sources is shown in Table 5.1.1,3-1,

i° ' The scdium vapor lamps (GE Lucalox, Sylvania Lumalux, and

;kcntinghéule Coramalux) are uxtremely efficient in terms of light

4T Upytput per electrical input watt, However, their yellow-orange

: charactoristic color makes them totally unacceptable for accurate

:colbr reproduction in color CMS's. For a black and white CM8 the

- excellent lumen efficimncy of the sodium vapor lamps makes them
the logical choice if the model is painted to reproduce the cor-
rect shade of gray with the yellow-orange illumination.

The clear metal halide lamps are good in all respects. The
color rendering of the metal halide lamp can be improved slightly
by using a phosphor coating, but this seriocusly affects the effi-
clency at which light can be delivered to the modelboard because
of the large source size that {s created by phosphor coating on
the outer bulb.
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Fluorescent lamps are usable {n terms of their color render-
ing characteristics but have two disadvantages. First of all,
they axe sensitive to heat, If a large number of them are put

o together for high illumination, then a special air ducting struc-

ture i3 required to remove the heat they generate in order to keep
the lumen efficiency up. BSecondly, the light is not easily direc-
téd by a reflector, and if used without reflectors theoretical con-
sidorlticnl reveal that the illumination level they can procduce on
] a modtlboard in a practical system is no greater than 708 of the
.hulbﬁwa; brightness, 8ince the typical bulb wall brightness is
Afﬁsgpq_gtflpmbqrtq, this means the maximum illumination that can be
mfiéhigv'd.onrtho.modclboard {8 no greater than 3500 ft-candles aven
jj5£f *he lighting bank consists of flourescant bulbs touching to-
4»§i£hcr; "This has been demonstrated by two systems built by Link,
_In P system 100 kKW of fluorescent lights produced a 3000-ft=-

_ f;qinﬁlt level on a-22 by 44-ft modelboard. In another system, 100

Xk of clear metal halide lamps produced a 740C-ft-candle lavel on

:vfﬁhplidml".ilo modelboard, thus demonstrating the greatly superior

“optical delivery efficiency of metal halide,

\} . The marcury lamps have just fair lumen efficlency. 1In the
case Of the clear mercury lamp, the color rendition is poor and al-
though this can be improved by a phosphor coating, the optical
delivery efficlency suffers,

Incandescent lamps provide excellant color rendition but
their lifetime and lumen efficiency are very poor, thus eliminat-
ing them from consideration,

For camera-model work intensity control of the light sources
discussed above has traditionally been done in discrete steps by
shutting off a pattern of! lamps cn the light bank. This solves
the problem of changes in color balance of the light source but
does not allow for fine control of the intensity. Incandescent
lamps can ha controlled from zero to full brightness with Silicon

8l
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Control Rectifier (SCR) dimmers with some change in color balance.
Ballasts and controllers which can produce changes in brightness
throughout a limited range are also available for the discharge
lamps of Table 5,1,1.3-1, However, except for lamps having a
phosphor coating, there is a definite color shift when the lamps
are dimmed., With dimming, the discharge lamps have a long-term
range lower limit which is reached after the lamp temperature
‘stabilizes (in 5-20 min, depending upon the type of lamp). This
long~term limit is usually significantly lower than the limit
which is reached immediately after dimming. Table 5,1.1,3-1
shows the immediate and long-term limits for 1,000 W lamps along
with the response time to the long-term limit,

.

LA

Future developments in lighting applicable to CMS'c appear to )
be limited to further improvements on the existing light sources
°t T.bl. 5010 10 3"‘10

5.1.1.3,1 Effects of High~-Intensity Illumination

The use of small apertures of 1 mm or less has required very
high levels of {llumination (typically 7000 ft-candles for the
systems built at Link in the las: few yesars), Besides requiring
large amounts of electrical power, these illumination levels are
accompanied by thermal expansion problems in the rigild fiberglaas
terrain models (e.g., movement of as much as 1/8 in., parpendicular
to the model surface due to buckling at points between support
studs) and point fading. Model temperatures of as high as 120°F
have been reached in a controlled ambilent temperature of 66°F at
the 7000-ft-candle illumination level. Models are subject to
almost immediate damage if the illumination is increased beyond

10,000 ft-candles. This problem would be alleviated in a system © N
which can use a larger aperture, since lems illumination would be
required.
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The laser scanne: system discussed in Section 5.,1.,4 elimi-

g nates the use of high model illumination levels., The camera

system is replaced with a mechanical scanning system, but the
fﬁptobo hardware and its effect on system performance are quite
similar.

5.1.;.4 Probes 4

S Currcnt CM5's are usually employed for visual rather than N
‘ .‘psonsor simulation, As such the emphasis has been on generating
:°?§7fwid._!101d-af-vicw probes capable of close approach to the

:;?mgdnlbo&rd to permit NOE trainihg and takecff and landing exer=-
‘“'Cilﬂl.

'
b
v

Theno rﬂquiromunto, of clcue approach and wide field of view,
tlva dlctated thc dirccyion of approach to probe design., The per-
.glptctiV! point of an optical probe i{s its entrance pupil. This
;;aupii in order %o achieve trua perspective, must be at a distance
%" fpem ‘the modelboard equal to the simulated eye leight divided by
Uftgftht madnlboard lcnlo factor. Typical modelboard scale factors
.;ﬂfrlnqc £r°m 150011 te 3000:1. To simulate takeoff and landings and
: ‘-~N9n fliqht, thoruforc, requires that the entrance pupil achieve a
close epproach to the modelboard. 1deally the pupil should be
external to the probe. An additional problem at low altitude is
~ that of adsquate resolution over the entire ground plane. Scheim=-
ﬁ‘ pfiug probes have been developed to provide increased resolution
of the ground pland at simulated low altitudes, Depth of field
and 8cheimpflug probes are described in msection 5,1.1.4.,2. To
achieve a constant image size for constant field angle imposes

j‘ anothar constraint on the pupil, A telecentric objective lens is
] required to ensure the constant image size for all simulated slant
| ranges. A telenentric lens has its aperture stop, or image there- i

of, located at the front focus, Therefore, tha entrance pupil
' must at the front focuse and idsally external to probe optical ele-

‘PJ v-"’-\ '.ﬁ».'-“ v i

83




ments. These constraints on the pupil location, in conjunction
with the wide field of view, limit the attainable performance.

Tilt lenses or Scheimpflug probes (see Section 5,1.1.4.2)
have been developed which achieve improved resolution in a plane
when low altitudes are simulated, These probes introduce addi-

" tional design problems. Ideally the tilting lans relay cells

should have zero principal plane separation to keep the image from
shifting with tilt, The relaying of pupila from one tilting lens
.stage to the following tilted stage is difficult, Dynamic field
“lenses, which frequently have been unreliable in performance and
nonrepeatable in their errors, have been used to relay pupils
between stages, A Link-patented Revolutionary Scheimpflug Visual
‘Probe (patent number 3,985,422 of October 12, 1976) eliminates

i amy of the constraints of the conventional Sche impflug probe

qtéign.

'A‘filh-gya wide-angle lens was used as the objective lens in
a probe built by Dalto Electronics. Fish-eye lenses are charac-
terized by large diameter slements and an internal pupil. These
lensss have large distortions and require complex raster shaping
techniques to produce a final undistorted image. The internal
pupil and large diameter make them unsuitable for applications
where close approach to a terrain model is required.

5.1.1.4.1 Optical Considerations

Difficulty arises in keeping the entire acene acceptably in
focus at the same time when foureground objects are very close to
the probe, either because real-world objects are in the scena very
close to the simulated vehicle, or becauss the real-world dimen-
sions are reduced by a very high scale factor. A person familiar
with photography would immediately think of "stopping down" the
probe to increase depth of field, Figure 5.1.1.4.1-1 shows the
geometr ical basis for this approach to controlling depth of focus.
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:; If the image detector is placed where distant objects are imaged,

then nearer objects will be in sharp focus on a plane lying behind
. - the image detector, and light which would focus to a point on that
T plane is blurred over a circle of diameter b when intercepted by
the image detector. The diameter of this circle is defined by the
intercept of the rays from the outer edge of the lens on the detec-
.. tor plane as they converge toward the image point., It can be seen
.- that the amount of blurring is proportional to the diameter of the
S 7 lene,

.....

7 " 'Bence, one might suppose that if a certain diameter lens gave

-;_:ijﬁiltldtory depth of focus in a real-world situation, then, if

- ffgiflﬁhd probe in the simulation visual had an aperture no larger than

SN the dlameter of that lens divided by the scale factor, equivalent

| ..depth of focus and resolution would result. However, when the

" wave nature of light is accounted for, light which is predicted by

. - ' -geometrical optics to be imaged to a point (as shown in Figure
i Byl1,1.4.1=1a) is in fact blurred by diffraction. The amount of

;~f‘§h0fb19rrinq is great enocugh so that an in=focus image gives the

" {mpression that the point in object space is spread so as to sub-
tand an angle (in radians) of approximately \/D (where )\ is the
wavelength of light) when viewed from the lens entrance pupil,
This blurring affects the entire picture, ot just the objects
which are much nearer or further from the chosen focus distance.
The total blur will be greater than the larger of the two blur
terms (geometrical and diffraction) but less than the sum, The
geome trical analysis encourages the reduction of apsrture, but
from the standpoint of diffraction alone, the aperture should be
a8 large as possible, Clearly, there is an optimum aperture when
both de focus and diffraction are considered, for which the geomet-
rical effect of defocus (for objects at the extreame near and far
ranges) and the effect of diffraction are of comparable magnitude
(see@ Figure 5,1,1.4,.,1=-2).
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Figure 5.1,1.4.1~-2 LIMITATIONS OF DEPTH OF FIELD




In general, this optimum aperture has fallen in the C,5-1

- millimeter range, It is instructive to compare \ /D for these
'.tprLCItionl with the angular resclution limit imposed by the TV
rastar, These have been mostly 60° diagonal systems, with 36°
. degrees appearing across the height of a 1000-line raster.
| kJAllowinq for a 0.7 Kell factor, the resolution limit is at a spa-

el !roquoncy of one line pair per approximately 6 arcemin. The
:5rtt1c A/D, assuming a wavelength of 3500 A®*, is 1.89 arc-min
i*(l!tlr converaion from radians) for a 1 mm pupil, or 3.78 arc-min
!ﬁt * 0.5 mm pupll.

B _¥r The 0.8-1 mm apertures thus give sufficient depth of focus to
. provide satisfactory imagery everywhere except when landing on a
“ffrunwly (real=world eyeheights of 6.5~10 £t, with scale factors of
521&0031 ‘40 2000:11) or when simulating NOE helicopter flight. Hare,
‘f_ :h| extreme foreground imagery, although objectionably fussy, is
Q&“#ullhlo.,

G I A largor aperture might be appropriate for camera-model simu-
Q;”ﬂf'”lltien of a sensor which puts a 3* diagonal field of view on a
Lo Gso-linc raster (TV limit at less than 1/2 arc min), particularly
{2 the sansor is not used at extremely low altitudes (e.g. when
weapons delivery rather than landings is being simulated),

The follewing discussion and Figure 5,1.1,4.,1-2 show the

telationships between pupil diameter, resolution, and depth of
field,

The probe is focused on a plane at an object at a distance 8,
Objects in this plane will be sharply imaged. An object point
lying beyond or nearer than this focused plane is sessn by the lensa
as & small circle of confusion of diameter C. The probe images
this circle as if it were a real object lying in the focused
plane. The limit of acceptable depth of field will be reached
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when this circle of confusion becomes large enough to subtend a
prespecified angle (8) at the entrance pupil.

¢ = 8.4 (since & is small c¥8.tand)

8|c gs¢C
d=c¢ d+¢
L] = 8+D1 Ly = 8-D2

The limiting angular resolution (Qp) is a function of the
wavelangth ()\) and entrance pupil diameter (4).

Oy = ﬁ|rad (A and 4 same units)

Por A= 0,34607 microns

o, = 1,87728 (arec min)
d(mm)

We want @ to be small (for good resolution) and D) and Dy to
be large (for large depth of field), but both are inversely pro-
portional to d, so the value of 4 must be a compromisa, The rela-
tion between @ and 4 for a fixed wavelongth is {illustrated in
Figure 5.,1.1.4,1-3,

8,1,1,4.2 Depth of Field and Scheimpflug Probes
A special optical technique is somecimes valuable to accommo-

. date extremely low-altitude eyepoints, For axample, whirn an air-
craft is approaching or standing on a runway, the runway should he
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0 ' 1 !
INTRANCE PUPIL DIAMUETER (mm)

Figure 5,1,1,4,1-3 ANGULAR RESOLUTION (ARC MINUTES) VS ENTRANCE
PUPIL DIAMETER (mm) FOR WAVELENGTH = 0,.54607 MICRONS
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in focus from the very near foreground at the bottom of the
pilot's window to the end of the runway, a relatively large
distance away. With a conventional probe, the plane of best focus
in object space is perpendicular to the probe's line of sight,
which is typically horizontal, By adding intermediate aerial
images to the probe optical layout and tilting the relay lenses,
the plane of best focus for a horizontal line of sight, normally
vertical, can be transformed to coincide with the plane of the
runway, The tangent of the lens tilt angle required to accomplish
this transformation is inversely proportional to the probe eye
height above the runway and to the probe pitch angle., If the
scene consists of flat terrain and the flat runway, one obtains
the appearance of infinite depth of focus, from the foreground out
to the horizon, However, as before, focus degrades for objects
extending perpendicularly to the plane of best focus. Although
the entire runway is in focus, vertical objects such as towers and
poles will appear progressively fuzzier as they rise above the
éunwly. - The rigion of good focus is thinner for more extreme lens
tilts (i.e., correction for lower eyepoints). The most recent

genaration of tilt-lens or Scheimpflug probes, built for Link by

Farrand Optical Co., Inc,, corrects runway focus fully down to
3=mm eye height above the model.

%.1.1.4.3 Probs Mechanisma

Probe pitch devices are of two types: single-reflection (Fig-
ure 5.1.1.4.3-1la) and double-reflection (Figure 5.1.1.4.3-1b).
8ingle~-reflection pitch has been more commonly used at Link be=
cause most applications in recent years have required very low
eyepoints to be simulated, and have not required a wide range of
pitch., 8ingle-reflection pitch devices can be designed with a
closer approach of the pupil location (eyepoint) to the model
surface than dcuble-reflection designs if the pitch range is
moderate, but cannot provide pitch down to the nadir. Racent
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”’L,5;;31¢‘.4 Probs Optioal Axis Pointing Considerations

designs used at Link provide for eyepoints down to 1.9 mm from the
model, with a pitch range from +25° to -40°,

For systems with less severe minimum eye height requirements
but requiring pitch to nadir, Link has supplied probes with
double~reflection pitch machanism (e.9., the Apollo Lunar Module
Simulator (delivered in 1966), and the Orbiter Aeroflight Simu-

'1{'1i}¢: (1975)). These probes also had wide-field objective lenses
“of 100° and 126° diagonal fields, respectively, The Orbiter Aero-
”,..vtl;qhtrsimulator probe allocwed eyeheight approach to within about
4.5, mm and had pitch capability to full nadir from +30°,

Both types of pitch design result in image rotation as head-

'ipqail driven. This must be compensated by driving an optical
"dggggator,.which is also used to introduce a rotation to simulate
‘%v.ﬁgqlgf;bll. 'In addition, the double reflection design rotates

‘the image as pitch is driven, so that the derotator drive must

also depend on pitch.

Probe line-of-sight pointing accuracy is affected by a combi-
nation . of effacts:

1) Bearing imperfections
e) Pitch axis
b) He ading axis
¢) Derotator axis

2) Backlash

a) Pltech drive
b) Heading drive
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3) Alignment errors
a) Heading axis to optical axis (although Figure
5.1.1.4,2-1B ghows optical axis displaced from
heading axis, it is returned to the heading axis by
some displacemant optical folds not shown here)
b) Derotator axis to optical axis
¢) Derotation optical components to derotator
a machanical axis .

E
X
)

-~ The combination of all these effects produces line~of-sight
d-viltians of the order of magnitudae of 40-50 arc-minutes without
.sorrestion. A probe with errors of this magnitude has been compen-
,”- ll(th for by software. The errors were calibrated and stored in a
. ttblc &8 '8 function of heading, pitch, and derotator orientation,
‘7f Th! loftwlro made interpolations between values looked up in this
%?tkhk‘. ‘ana: applied additive corrections to the pitch and heading
.ﬁ#rivi commands, - This method produced a corrected line of sight
ﬁfﬂithin 7=8 srce=min error., This calibration accounted for all
”crrorl ‘except backlash, Presumably the calibration could be
xafined to acesunt for backlash by keeping a history of the last
"direction each axis had been driven, so as to reduce the srror
fur'ehér, but this was not done, as the results ware adequate for
the application without this refinement, However, the error cali-
hration 4id not hold its validity over extended periocds of use and
. had to be recalibrated frequently. This experience suggests the
desirability of a feedback scheme in which error is detected con-
tinuously by monitoring displacements of the images of reference
points on the model.

* g

5 5.1,1,4,4.1 Probe Pointing System

One probe with such a feedback system is the Aviation Wide
Angle Visual System (AWAVS) probe delivered by Link to Naval
Training Equipment Center (NTEC), This proba covered a maximum of
60° field and incorporated a zoom lens which reduced the field of

&
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view to approximately 16°., See Figures 5.1.1.4.4.1-1 and
5.1.1.4.4.1-2 for the block diagram and optical schematic,

Optical filters separate the laser signal from the back-
ground, The laser signal is imaged onto a detector array that
suppl ias information to the probe pitch and heading servos to cor-
rect pointing errors, For the large field (60°), the detector
. remolution is +2 min. As the zoom power changes and the field is
reduced the resolution improves to +0.5 min per element. Sansor
'liﬁulation does not require wide fields of view, nor low-altitude

*simulation in general. Therefore, two constraining parameters are
“”_Ql{minutqd if a new probe were to be designed expressly for sensor

“simulation applications. The maximum f£imld could bea limited to
“about 20°, and with a smaller field of view regquired, the probe
design becoms easier. Improved resolution and reduced pointing

. errors are well within the state of the art,

5.1,1,5 Scan Lines and Bandwidth

. In a television system, horizontal resoclution and vertical
resolution are equally costly in video bandwidth. That is, on the
basis of a fixed bandwidth, the vertical resclution increasss with
the number of scanning lines and the horizontal resolution
decreasss a corresponding amount and visa versa, Furthermore, if
a given increment of resolution is available for increasing the
quality of a picture which originally had equal vertical and hori-
zontal resolution, the quality will be improved more by applying
the increment egqually to the vertical and horizontal resolution
than by applying it to improve resolution in only one diraction,
This conclusion follows from the known equality of the aculty of
the human eye in varinus directions and the random orientation of
the subject matter transmitted, Hence, the optimum use of the
transmission band reguires that the number of lines be near that
number which provides equal horizontal and vertical resolution.
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The resolution capability of a video systam is a function of
the operating mode which is chosen during the design of the system
~and the performance of the various system elements. Of fundamen-

eal importance in setting the operating mode is the attainment of
a high 8NR, i.e., 40 4B or greater. Also, if the contrast of the
ckject to be televised can be 1008, system performance will be

- maximised.

- , Chooninq the scanning mode involves two separate decisions.
L lirlt, the designer must choose the number of scan lines per
",g§gypg!“g£rnmq) in inverse proportion to the size of the detail to
,b;“é;prbaﬁbid. Second, the designer must choose a vertical repeti-
;;tion rate (in conjunction with phosphor persistence) fast enough
,r 40 avoid ﬂliekcr 4f human observation is involved, yet slow enough
;¥'f$9_ggop within reasonable bandwidth requirements. The vertical
“jﬁiigﬂj@gjuéin‘bn.chdncn 8o that more than one vertical cycle is needed
; te"io&ﬁ the complete frame. In this mode, the scan lines of suc-
f,ocsiivo vertical cycles (fields) are ‘nterlaced spatially and the
" _bandwidth requirement is less than for sequential scanning. How-
*?,,ivlr, in ‘very high resolution systems, vertical resolution is de-
" graded somewhat by interlacing.

* The interrelation between bandwidth and scanning modes is

I ' -aescribed by the following formula:
. Af = SYycles x width = TV lines/height x W 1
' active time  height 2 H tactive

where tyorive " tline = tblank

Thus for a given bandwidth of Af,

horisontal resolu!ion (TV lines/picture height) = ‘

T My e Y, e

af x %ﬁx (tactive):
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The results of this formula are plotted in Figure 5.1.1.5<1, From
this it may be seen that a higher scanning rate across a given
pattern produces a higher frequency and a wider bandwidth is
required, Also, the higher scanning rate means more lines per
raster and allows a higher vertical resolution, typically to about
708 of the number of scanning lines,

Vertical resolution is described by the following formula:

Vertical resolution = (number of active scan lines)
X Kell factor

= lines per frame
x (frame time) - (blank time)
frame time

X Kall factor

where the Kell factor is the fraction of the total number of scan
lines which actually can be resolved,

In addition to the limits imposed by the chosen scanning mode
and the available video bandwidth, there are flnite limitations of
other elements in the TV system., These include:

1) The diameters of the electron beams in the image pickup
sensor and in the image display CRT

2) Image spreading in the image pickup sensor itself (e.g.,
by lateral charge leakage in a vidicon photoconductor)

3) The equivalent aperture of the optical lens in the
system

4) SNR

5) The bandwidth of the CRT aircuitry
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Available systems are based on various sizes of image pickup
tubes with various photosensitive surfaces. For applications
where sufficient illumination is available, a vidicon is appro-
priate., Vidicons are available with useful photoconductor dia-
meters of 2/3 in., to 4 1/2 in. and with various signal storage and
lag characteristics, For applications where illumination is
sparce, an Isocon or Silicon Intensified Target (SIT) image sensor
may be used., Section 5,1,1.1 discusses various image tubes and
their characteristics,

In a television system of constant line and field frequen=-
cies, linc interlace of order greater than 2:1 offers an
improvement in vertical resclution without an increase in video
bandwidth.,

The general idea of interlace is to lay down fields of N
lines, bhut to dAisplace successive fields by a fraction of a line
pitch so that the gaps between lines are filled in, If one extra
line is inserted in each gap, the result is the familiar 2:1 in=-

terlace. If two lines are inserted, the reasult is 31l interlace,

and 80 on. The total number of lines in a frame or picture is
increased by increasing the interlace order and hope fully the
subjective vertical resclution of the system is improved.

2-to=1 interlace was adopted as standard early in the his-
tory of television and has been widely used ever aince, Over the
years, 3:l and 411 interlace systems have been tried, but found to
be unacceptable dus to the objectionable large-area flicker, line
crawl, and bright=dim line pairing phenomena. More development
must take plece in high=order interlace TV systems be fore its
theoretical merits can pay dividends.
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5.1.1.6 TV Image Tubes

Since the availability of the first TV camera tube, the trend
has been to develop tubes with better resolution response and
greater sensitivity, while operating at lower and lower lavels of
faceplate illumination, and while maintaining or improving the
quality of the image. Due to the prolific development efforts of
various image tube manufacturers, many generic tube types have
emerged, Each type has a wide range of performance parameter
variation and application., Some of these devices are compared in
the following discussion. It is interesting to note that while
electronic television has, from its begirning, depended on elec-
tron beams for picking up and reproducing the image, it now
appears that self-scanned semi-conductor devices are beginning to
carry out many of the functions of camera tubes,

Vidicon, 8B283_(Sulfide) - The standard vidicon tube use an anti-
mony trisulfide target and is the most widely used for closed cir-

cuit surveillance and general TV applications. It is basically a
hiqhgrololution device and is available in various sizes from 1/2
in, to 4 1/2 in, diamter faceplates, resolution being propor=
tional to size,

Its spectral response covers most of the visible light range
and most closely approximates the human eye. A useful feature of
the vidicon is the controllability of the target voltage to permit
variation of tube sensitivity with light range. It can produce
useful information at scene i{llumination levels ranging from
1-10,000 ft-candles. The tube's spectral sensitivity extends from
300-800 nm, peaaking out in the green spectrum, but is lower in
sensitivity than other tubss., It requires light levels approxi-
mately the same as normal room lighting, The major disadvantage
of the vidicon is that ite photo-conductive target axhibits some
lag or stickinesa which limits its dynamic resolution., This lag
characteristic is a function of light level; hence, dynamic reso-
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lution is poorer at low scene illumination levels., The amount of
lag increases as illumination decreases because of the lower volt-
age excursion across th sidicon target which exists under these
conditions., Hence, dynamic resolution, the ability of the vidicon
to distinguish fine detail under conditions of motion, will de-
crease as illumination decreases. Other disadvantages of this
tube are its dark current (a function of target voltage) which
leads to shading problems, its image blooming characteristic when
subjected to highlights and point light sources, and its tendency
for image burn=-in from intense light.

Its gamma of 0.7 provides an advantage in minimizing the
amount of artificial gamma correction required in a TV syastem; the
less artificial gamma correction a system uses, the better the SNR
becomes.

Silicon Diode Array (SDA) - The SDA is made up of a mosaic of
light sensitive silicon material and is approximately four times
as sensitive as a sulfide vidicon., Other advantages are its broad
spectral response (380-1200 nm), low dark current, high resistance
to photo=-surface burn, good SNR, and a reduced bloominy target.
Its infrared sensitivity makes the tube very useful for detecting
hot objects ¢of IR illuminated scenes.

The SDA's sensitivity makes it umseful for operating over an
illumination light range of 0.1-5,000 ft-candles. Unfortunately
it does not have the capability for automatic sensitivity control
the means of aignal electrode voltage regulation as does the 85B;8,
vidicon, Consequently, an alternate scheme of light level control
is required, such as an automatic servo iris. 1Its lag character-
istic is better than the B8B83 vidicon, but not as good as the
Lead Oxide tube (to be described). Its dark current is lower than
the SB283 vidicon, thus providing better shading characteristics,
but its limiting resolution of 800~1000 lines is not as good as
the 1000-1200 lines for the 1 in. SB3S3 vidicon. The SDA has a
linear signal output ve. light input characteristic. Thus, its
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- gamma is 1.0, resulting in the need for an artificial gamma cor-
' rection circuit, and the inherent SNR degradation.

The S8DA is available in target diameters of 2/3 in. to 1l in.

Newvicon., The Newvicon was developed aa an improvement over SDA

- tubes. Its cadmium and zinc tellurides target material provide a
: sensitivity of approximately 20 times that of the 8B;83 vidicon.
Other advantages over the SB;S3; are no blooming of high brightness
details, freedom from image burn-in, and low dark currents., It is
available in both the 2/3 in. and 1l in. diameter targets.

-- ..;(..';_ N i

The Newvicon's static limiting resolution is approximately
800-900 TV lines while its dynamic resclution is limited by a lag
characteristic similar to the SByS3. 1Its spectral sensitivity

“range covers from 400 nm to 850 nm, making it useful for applica~
tions in the near IR region. Its gamma is 1.0 like the SDA, but
its dark current is less.

. _;..’:J.

The Newvicon operates in a manner very similar to the SDA in
that it uses a fixed target voltage and must use an auto iris lens
system.

R T

Lead Oxide (PbO) - The PbO target is a high resolution tube with
B an excellent lag characteristic, better than any image tube previ-
' ously mentioned. The tube is used primarily in broadcast cameras
:’ where low-lag, low dark current, low burn-in and low shading char-
acteristics under normal lighting conditions are required. It is
available in target sizes ranging from 2,/3 in, to 30 mm diameters,
Its gamma {s 1.0. By design, it does not permit automatic sensi-
3 tivity control by means of regulating the signal electrode volt- ‘
age., Like the S8DA and Newvicon, it requires an automatic lens <
'E iris system to accommodate varying scene illumination levels, '

! The resolution characteristics of the PbO vary from 800 to _
1400 TV lines depending on target size. '
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The more recent versions of PbO tubes are being supplied with
dicde gun construction rather than the more conventicnal triode
gun which results in lower lag performance, Use of the diode gun
narrows the velocity spread of the electrons in the beam, thereby
reducing the beam resistance and shortening the lag,

Saticon - The Saticon is a type of vidicon tube with a Selenium=-
Arsenic-Tellurium photoconductor, The tube was developed specifi-
cally for small, high-performance color TV cameras, but has proven
useful for many other applications. The photoconductor represents
an improvemnt in resolution, stability, and reduction of optical
flare over the currently-used PbO photoconductors., Its sansi-
tivity is comparable.

The photoconductor of the Saticon has a linear light-transfer
characteristic; i.e.,, gamma is unity over the useful range of
signal current, 1Its dark current is extremely low,

The high optical absorption and low reflectance of the photo
conductive layer used in the Saticon are of particular importance.
Since wvery little light is reflected back into the optical aystem
from the photoconductor, the contrast and color fidelity of low
lights in the picture are not degraded., The benefit of the high
optical abaorption characteristic is that very little light is
dispersed through the photoconductor which could degrade its
resolution characteristics as comparad to PbO tubes,

Lag in the Saticon is caused primarily by the storage capaci-
tance of the photolayer in series with the effective beam resis-
tance,

The lag is minimized by using a low-beam-impedance gun and by
using biased lighting to minimize photoconductor storage capaci-
tance. Consequently, its lag characteristics are better than that
of the PhO tube,
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The Saticon is available in 2/3 in. and 1 in. versions having
limiting resolution of 550 lines and 800 lines respectively.

.- gflicon Intensified Target (BIT) - The BIT utilizes an image in-
_tensifier coupled to a silicon faceplate vidicon, resulting in a
sensitivity 800 times that of a standard SB383 vidicon,

ﬁiﬁ?iffhi intensifier multiplies the light before it strikes the
- #8ilicon target area of the vidicon., The amount of light am-
ifgittieltion through the intensifier can be controlled by regu-

4 .,

*!;fhg:thg,voltagn be tween the phoaphor screen and the photo
“WReWSde, Dynamic range of the tube may be varied in this manner

- _and when coupled to a servo iris lens with a variable attenuation
- gpot filter, the resulting dynamic range may be as high as

- '5,000,000t1. The SIT will produce a usable picture with as low as
<3-%-30=3 t-candles of faceplate illumination and still maintain

7 an acceptable SNR,

" The resolution capability of the SIT tube varies from 700 to

Y

77710007V 1ines depending upon bulb sise which is very significant
~ {n'lew light level operation,

The 8IT tube exhibits no photoconductive lag but there is
some capacitive lag resulting from the finite time {t takes for
the electron beam to remove accumulated charge from the target,
Lag in this tube is inversely proportional to facepiate illumina-
tion, 1Its third field lag is comparable with the Saticon at the
higher light levels of its operating range.

Dark current in the 8IT is usually not objectinnable as long
as the target voltage is set within the manufacturer's recommanded
limits.

One drawback with the SIT is that its faceplate exposure must
be controlled for long life. Thus operation time and illumination
level should be carefully controlled,
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The SNR of the SIT is proportional to light level., Hence it
is desirable to operate it with as high a faceplate illumination
as is practical.

SIT faceplate overloads can cause picture blooming in spite
of the fact that reduced-blooming SIT tubes are now available. In
view of the fact that the life »f the SIT is affected by scene
4llumination as well, extreme care should be used in the appli-
chtion of this device.

Intensified Silicon Intensified Target (ISIT) = The ISIT tube is
essentially the same as a SIT, the only difference being the use
of a double intensifier. This means that two intensifiers are
stacked in series to yield a gain of about 2000 over a standard
vidicon. Typical sensitivity of an ISIT tube is about 1 x 10-6

. f4=qandles faceplate illumination. Howsver, there are some in-
herent disadvantages in using the ISIT system. Voltages of 20 kV
must be used giving a lower reliablility factor when compared to
the single intensifier type (SIT). Also, noise level in the ISIT
can becoma objectionable resulting in a highly grained picture
presentation, and then a loss of resolution at the bandwidth of
the random noise present.

Isocon = Since its introduction by RCA in 1947, the image isocon
has drifted along more or less as a technological museum piece
until a few years aco. In recent years RCA has built a practical
vergion of this tube which has made it one of the most seneitive
pickup tubes available tor a TV camera.

7% Advantages of the isocon are:

. l) Sensitivity - it provides pictures having a reasonable

]
[

signal-to-noise ratio down to 2 x 10-2 ft-candles
faceplate illumination
2) Resolution - 1000 TV lines limiting
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3) SNR - reasonable, although not the best

4) Lag - comparable with the Pb0 tube

5) 8ignal Uniformity - excellent compared to other image
pickup tubes

. 8elf-Scanned Sclid State Image Sensors - During the past 15 years,

even though beam-scanned image tubes have been investigated and

© "improved continuously, a parallel effort has been aimed at develop-

ing self-scanned solid-state image sensors as substitutes. Reduc-
. ‘_tiqn-.in sige, cost, and complexity were the immediate objectives,
. but the possibilities for improved performance and for new appli-
. cations of TV have caused much interest. Recent advances in

charge=coupled and charge~injection devices have proven that

'solid-gtate sensors will soon play a significant role in this

field, ' However, the most advanced solid-state sensors developed

©"1..t0 da%s ‘4o not match the best camera tubes in sensitivity or reso-

luttion. . Further improvements in sencors will require a sustained

effort in both sensor design and silicon technology.

~ 80lid state cameras suitable for standard television are now
available.. RCA Solid State Division has a camera which uses their
512 by 320 element charge=-coupled-device (CCD) sensor. It pro=
vides picture quality comparable to that of the 2/3 in, vidicon
with the advantages of small size, precise image geomatry, freedom
from lag and microphonics, and resistance to image burn. The next
largest commercial sensor, produced by General Electric Co., is a
244 by 188 element charge-injection-device (CID) sensor with two
closecoupled MOS capacitors at each element. This type of sensor
has X-Y address strips and peripheral digital shift registers for
scanning.

Small 100 by 100 element sensors with photoelements interleav-
ed between non-illuminated CCD registers are being marke ted for
surveillance purposes., Still smaller XY photodiode arrays with 50
by 50 elements and many types of single-line sensors are be ing
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sold for such applications as process control and character

recognition devices, There can be no doubt that solid-state

scanning, either by means of X-Y address strips or by internal
¥: . charge transfer, can provide a useful tool for image sensing.

5,1.1.7 Agglicntionl

o ,HCMB'S can be used to provide realistic detail and a motion-
plccpnutiun three=dimensional effect if used as image generators
519; thn limulation of sensors which have pictorial displays -
o TV lnd in!rarcd sensors. Current probe designs provide
.tdiﬁuatc ttaolution for simulating the widest FOV's - e.g., the
in‘ b& 15' FOV of LLLTV sensor or the 16° by 12% FOV of FLIR,

Aﬁ;wThl vcry narrow FOV's of IRST (0.,1° by 0.1°) or high=
:@Jqlqgign TV. (a8 narrow as 0.66° by 0.5°) would require the
:dnniqn of large aparture objcctivcl, which could be mated with the
;¥er optical ‘sections of existing probes, to make the diffraction
“1imik of the probe compatible with finer angular resolution associ-
cntu@ with. the narrow fields of view, The use of a larger aperture
'iauld freclude um at eyeheights of under 2,5 mm, which are possi-
bll with presant probes, for two reasons - mechanical interference
e of the probe with the model, and the increased depth of focus
e ¥ < prowlems which mscompany larger apertures. However, it can reason-
ably be assumed that the narrower FOV's would only be used for
higher altitude flight, The current probes provide an 8 ft scale
eyehaight at 1000:1 scale, which is required for helicoptar simula-
tion. In simulating close-support fighter craft, if a 200 ft
minimum eyeheight ia assumed, then there is no problem using a
probe designed with, for example, a 1 cm pupil instead of a 0,8 mm
pupil.

The pitch capability of existing single~reflection probe
designs (+25°, =40°) covers the pitch requirements of FLIR and
high-resolution TV, and comes within 5° of covering the require-
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o

‘hdt capabla of the resolution of the current single mirror de-

ments of all the sensors in Table 5.1.1.7-1 except IRST and day
TVe These probes could be used for these sensors if useful simu-
lation missions could be carried out without the full field of
these sensors. It would not be a major design modification to
increase the single~mirror pitch capability to (+30°, =45°),

The probes mada in the past with double-prism mechanisms are

signs, but that is a happenstance not dictated by the choice of
pltch mechanisma., A probe could be designed with a large entrance
pupil and a double reflection pitch mechanism so that it could
handle the pitch and angular resolution requirements of all sen=-
sors in Table 5.,1,1,7-l. The minimum eyehe ight would be much
higher, since such a design would be bulky at the front end, but
would be adequately low for any non-helicopter weapons delivery
mission, Diffevent FOV's could be implemented with variable
magnification optics at the rear end of the probe.

A CM8 would be much more appropriate for simulating slower

alvcraft, such as the A=10, than high speed aircraft such as the

F=l€. In the latter case, the aircraft would fly through the
gaming avea represented by a model of typical size and scale in
less than a minute of elapsed time. A higher scale factor could
be used if an extreme combination of low altitude and narrow FOV
(which would aggravate the depth-of-focus problem) were not used.
However, although such a model might be appropriate for some mis-
sions, it may not provide adequate depth of focus or model detail
for other missions, A separate CMS gystem for a limited claus of
missions may not be practical from the standpoint of available
space or capital count, Alternatively, a CMS might be used to sim=
ulete sensors of a fast-flying aircraft only in the vicinity of a
target area, Some other image source (e.g., computer generated)
might cover a large ¢aming area, with a transition to the higher
detail of the CMS taking place as the target area was entered,
The problem is to make this transition inconspicuous, and this
approach should not be considered urlcss a discontinuity at this
transition could be tolerated.
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Table 5.,1.1.7-1 IMAGE PICKUP

DEVICE MANUFACTURERS

AMPEREX ELECTRONICS CQRP
P.0, Box 278
Slatersviiie, RI 02878
401/762-3800

EMR PHOTOELECTRIC
Box 44 .
Princeton, NJ 08340
600/799-1000

_ DUMONT/THOMSON=CSF

750 Bloontleld Ave,
Ciltten, NJ 07013
201/773-2000

FAIRCHILD CAMERA & (NSTRUMENT CORP,
Charge Coupled Devices

4001 Miranda Ave,

Palo Alto, CA 94304
415/493-0001

GUNCOM DIY/EMITRONICS INC,
80 Express 8t,

Fialnview, NY 11787
516/433=3900

GENERAL ELRCTRIC QONPANY
Tudbe Praducts Dept.

imaging and Dlisplay Products
Eleetronics Park

Syracuse, NY 13201
318/74368=3231

GENERAL ELECTRODYNAMICS CORP,
4430 Forest Lane

Garland, TX 78042
214/278=1161

HAMAMATSU CORP,

120 wood Ave,
Middimsex, NJ 08846
201/469=60840

HUQHES AIRCRAFT CO/IPD
6833 [I Camino Real
Cearlabad, CA 92000
T14/7438=9191

Plumblcon

Image Dissector

Antimony Trisultide Yidligon
$/1lecon Dicde Array Vidlcon

cco

Image Intensitioer

fP8 Type Yigleons = Antimony
Trisulifide

$!1lcon Diode Array VYidleon
Charge Injection Devige

Antimony Trisultide Vidlcon
§1llcon Diode Array Vidlcon

$IT vidicom

X=Ray Vidlcon

Uy = Yidlcon

$1licon Dlode Array Vidlcon
IR - Vidigon

cco
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vl Table 5.1,1.7-1 IMAGE PICKUP DEVICE MANUFACTURERS (Cont'd)

o

TITT ELLECTRO=0PTICS Image (ntensitier
7633 Plantation R4,

; Roanoke, VA 24019

! 103/5863=0371

‘ INTEQRATED PHOTOMATRIX INC, Selt-3can Photodiode Array
‘1101 Brlstol Rs, '
= - Mountalnside, NJ 07092
gL Tae/223-7200 .
ke MU ELARD LTD, Low=Light Level Yidicons
© Mullard House ‘ Lead Oxlde Cameras Tube
T Toprlagton Plaee image tntensitler
Sookemden WCIT THD
- -Rngland
ST NTeTRe Image Intensitier

J75T 71486 Linder Ave,
- Shakle, IL 60076
‘312701304770

- OLD BELET DORP, OF AMERIGA Image Intensitier
LT R Tere Avey
- ralrtex, VA 22030

S 10348737020
ACA CORP, Antimony Trisultide Yid!leon
lalid . 8tate Olv, $!ileon Target Yidleen
Rleatro=0ptics and Devices Satlaoon
Lancsater, PA 17604 Isocon
T17/7397=7461 8iIT = Vidleon
Intensitlier Yidlcon
Lead Oxlde YIidleon
Image Orthlcon
cco
Image Intensltier
RKTICON CORP, Linear Aree and Belt-8canned
910 Benlcla Ave, Photodlode Array
~ Sunnyvale, CA 94006
V 408/730-4268
" TELTRON INC, Antimony Trisultide Vidicon
h 2 Riga Lane $illcon Diode Array Yidicon .
Douglassviile, PA 195108 Cd§ Vvidison
1 213/%82-2711 Cd8e Vidlaoon
] Pyroelectric Yidlicon
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Table 5.,1,1.7-1 [MAGE PICKUP DEVICE MANUFACTURERS

(Cont'd)

. TOSHI DA AMERICA INC,
OCM Division
280 Park Ave,

T 'New York, NY 10017

- 212/887-0408

T EWAREAN L8

1601 Qalltornia Ave,
Palo Alto, CA 94304

'L¢;M1Aap ELEGYRON DBYICES
ol -2203 Walnut 8¢,

| Gerland, -TX 73040

B TV I RETTY

] WEBTINOKOUSE ELECTRONIC TUBES
-Neptinghouse Circle.

| -Harseheeds, NY 14845

| 607771983211 ~

Chalnlcon (CdSe Target)

Image Intens!tier

Image Intens!fier

Antimony Trisulphide Yidicon
Selenlium Vidigen

8KEC vidlieon

€03 Tubde

poiads. g oo
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5.1.2 Film Systems

‘Film=bawed aystems have been used for simulation visual sys-~
ttlml when the training task involves maneuvers for which there is
" a prescribed flight path. Visual simulation has been provided by
‘~Q£ilm for some weapons delivery training, but the most satisfactory
zapplication of film=based systems has bean in the use of simula-

b’n m take off and landing practice.

ﬁ”$ﬁhitc'aro many advantages of using film as a medium, In gen=
£i1ms have good resolution characteristics, are relatively
nnive, are easily copied and stored, and allow a wide range
(92 intorchanq.ubln scenarios to be used. The major disadvantage
isthat the task of acquiring the £ilm scenarios is by no means
ng.‘ o major aApproaches have baen used: that of real-world
fiimﬁhq whteh {mposes problems of weather delays, camera vehicle
‘ﬁflity, And flight profile control and operational limitations;
_V?lnd"madgll which tend to limit the inherent scenario flexibility
o,nd rulilm.

Pilm has found a relatively wide application in part task
trainers, but the only major uss in a full flight simulation role
was in the 8inger-Link Variable Anamorphic Motisn Picture (VAMP)

systems which were used by commercial airlines in betwsen 1970 and

- In the VAMP system, for example, a motion ploture camera is

R flown by helicopter down the noeminal ¢lideslope of an approach and

. landing sequance to film the scenario., The field of view in sach

| frame {s larger than that which is to be displayed in the simula-

tor, in both horisontul and vertical directions, Differences of

the simulated flight attitude from the nominal attitude are accom=- '

?ﬁ modated by the optical eguivalent of shifting the film so ag to

'? change the porticn of the frame which is projected into the limi-
AN ted display field of view., Deviation of the simnlated flight path
Y

X
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to the right ov left of the filmed flight path is simulated by
optical transformnitions which "shear" the picture, making the
rectangular areas on the £ilm appear as parallelograms. This

‘turns out to be a close approximation of the alterad perspsctive

of a horigzontal plane surface (such as a runway) when viewed from
.the diaplaced eyspoint., Vertical relief dces not fare so well --
talephone poles and the sdges of buildings appear to lean as this

.fEIJTthlrInq” distortion is applied., The slope of the lean is the
" ratdo of the lateral deviation to the height of the simulated
- 9 yepednty - -Thus, while the lean angles would probably not be
... noticeable .for high-altitude flight, this is certainly not true in
‘;f*thi case of a landing approach. The system is made to work well

for take-off and landing simulation by carefully selecting the

_ PMRways to be filmed 80 that vertical objects can be excluded from
oo bpe cfield. af view., Vertical displacement from the nominal flight
" pabhiis. simulated by "stretching" the picture in the vertical
“-4irsotion (to simulate a higher altitude) or "compressing” it (for
‘jﬁaxny altitude), again by optical techniques. This is also realis-
~tic for a horisontal plune, but causes some anomalous effects on

St vertical objects, For example, if the filming path passed over a

ot
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Figure 5,1,2-1 VAMP SBYSTEM BLOCK DIAGRAM

115

) AY
(LAY

N . C
B A S T PP SN YU

. . ‘ N [y . . 4+ PO . » » A
A VT GG L G N S VRO 0, VUL DOV |




mountain, a simulator pilot could not fly into the mountain no

matter how low ha flew, because the height of the mountain would
‘ _ shrink in proportion to the pilot's height above the horizontal
= plane assumed t0 represent the terrain.

, The optical corrections are accomplished through the use of a
: Taaoom lens and two anamorphic lenses (see Figures 5,1.2-1 and
f§4li2-21.-~j‘»nnnmarphic lens magnifies a picture differently in
~eagh of two different directions. By rotating the two anamorphs
 ;f lbout the system axis relative to each other, the net anamorphic

~ .mtrength.can be varied, and by rotating the pair as a group, the
‘““a*ﬁ@ntltion of the anamorphic "stretch" is varied,

e s 'nu nmm of the deviation of the simulated flight path from
:}ﬁh‘ tllmné £light path are determined by the excess field of view

It e | 0n e e e
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Figure 5.1.2-3 shows the maneuvering envelope for VAMP systems
with 2.0 and 2,8 power anamorphs., Note that the allowed devi-
ations are proportional to tne filmed height above ground, and are
given in units of this height.

The advantages of the use of film are the high detail density
and textural information which it provides, Texture cues appear
to be raquired for many piloting tasks and are processed by the
trainee in ways that are not well understood. Hence, the surest
way to0 guarantee adequacy of the visual simulation is to provide
this sort of detail,

The VAMP system, however, suffers from the same problem that
limits all systems based on film or tape: deviations from the
nominal f£light path can only be well simulated when all vertical
objects are excluded from the scens. This is a necessary conse-
quohoo ot'thc attempt to rapresent a three-dimensional woerld on a
two=dimensional medium, The exclusion of vertical objects may be
mqrc'difticult and less natural in a weapone delivery miassion than
in a landing practice mission. In fact, the restriction to a nar-
row corridor about a £ilming path may be inappropriate for sensor
simulation,

Link has developed another film-based system which is related
to VAMP == SCAMP or Scanned Motion Picture, This gystem i(s in
effect an electronic analog of the VAMP, The information on the
film is converted to a TV image by a flying-spot scannecr (FSS),
and is then displayed on a CRT display (mea Figure 5.1.,2=4)., In
the F88, a spot of light imaged on the film is made to move in a
raster pattern over the film frame being used at the moment. When
no distortions are required to simulate deviations of the simula=-
ted eyepoint from the filming path, this raster is geometrically
similar to (and synchronized with) the raster on the display CRT.
The source of the spot which scane the film is also a CRT. The
light from the image generation CRT is imaged onto the film frame
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Figure 5.1,2-4 SCAMP SYSTEM BLOCK DIAGRAM
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and, after passing through the film (which modulates the intensity

of the light) is collected by a photo-multiplier tube (PMT). If
T the output of the PMT is used as the video signal and sent to the
. ‘display monitor, the picture on the display CRT duplicates the
pioture on the film. Color video is provided by dividing the
liqht transmitted by the film between three PMT's, each of which
....-is restricted by a color filter to respond only to red, green, or
¢g blul light,

.7 The distortions which VAMP performs optically are performed
‘eitbtronically by S8CAMP, 1If the two rasters (on the image genera-
fﬁioh and inage display CRT's) do not match, the result will be
hpe thi image on the display CRT will be a distortion of the
imlﬂo Qh the film., The required disparity of the two rasters to
ffproduﬂn the distortions which will simulate eyepoint deviations
_*frum”cha £11minq path are accomplished by electronically shaping

_ the waveforms which driwe the deflection coils of the image gener-
Qticﬂ CRT.

L One advantage of this system is that the film transport mech-
o anism is much simpler than that in the VAMP since intermittent

- "*pull down" is not used. The film is moved continuously through
the scanning aperture, with the FBSE raster being displaced to
track the film., Indexing to a new film frame is achieved during
the TV vertical retrace period. Correlation between the scanning
raster and film frame is achieved using fiducials on the edge of
each frame. Although the perspective transformations can be exact
for the horizontal plane (instead of approximate, as in VAMP), the
same anomalies occur if there are large vertical objects i{n tha
scene,

Link has also patented (#3,832,046) a panoramic film projec-
tor which performs VAMP-like transformations on a 360° (horizon-
til) by 60° (vertical) panoramic picture as it is projected. 1In
addition to overcoming the field-cf-view restrictions of the VAMP,
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this system provides for 350° variation of heading. However, in
translation of the simulated eyepoint from the nominal eyepoint,
the perspective transformations have the same undesirable affects
on vertical objects as they do in the VAMP system, with an addi~
tional problem: the 360° field of view makes it far more diffi-
cult to exclude vertical objects from the film. This system is

,: .fairly complax mechanically and optically and has never been

ff‘d!vp;epqd, since customer interest has not been sufficient to
suppert the large development costs,

i Bystems with the capabilities of VAMP or SCAMP could be based
on video tape rather than film. Although such systems are not
available as integrated, off-the-shalf packages, the component
technelogies upon which such a system would be based have been
within the state of the art for some time. In such a system there

‘ ﬁ"wcnld be a recorded video frame on the tape corresponding to each

- frame in the movie film of VAMP or SCAMP. The distortions

required to simulate deviations of the eyepoint from the points
from which the scene was recorded would be accomplished by scan
conyersion. In an analog scan converter, the video is displayed

, on a CRT which is coupled to a TV image tube, which converts the

th picture back to video form. If the CRT and camera tube rasters do

' not track each other, the desired distortion can be introduced.

D8C accomplishes the same thing by reading the video level of each

y pixel of the video frame intc a separate memory location in a

E% high-speed buffer, and can introduce a desired distortion by read-

* ing the video ocut in a different order and/or time schedule than

that by which it was read in.

ﬁ% A particular weakness of such a system compared to SCAMP

fg: would be apparent when simulating a very narrow FOV that can be

) ' moved about inside a larger field. With high resolution film,

Eﬁ SCAMP could scan a small portion of the cine frame, and the

&: ! resolution would essentially be TV limited by the display raster
iﬁf (up to a point, of course, for very small FOV's, the film and the
§§ 121
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scanning spot size would have an influence). However, when a sub-
set of a video tape frame is displayed, information and resolution
is immediately thrown away as soon as the displayed FOV is smaller
than the recorded FOV,

All of the film or tape systems discussed in this asection
racord a series of images from eyepoints along a predeterminad
path, However, some missions are difficult to simulate in this
way even though the nominal flight path is predetermined. Link's
experience with VAMP in simulating cross-country missions is an
example, In these missions there were a number of courss changes,
and the pilot or navigator was provided directions for following

. the prescribed course. However, the maneuvering corridsr wae

narrow, and {f the courme change was not done at precisely the
right point, the picture was lost (i.e., the screen want black).
Of course, the lack of a visual display made it difficult to qget
back on course. The constraints on the maneuvering envelope
leading to this problem were not chiefly due to hardware limita-
tions (although increased horizontal FOV would have been some
help) but were more fundamental, having to do with the geome try of
the perspective transformation. The practical limit of the width
of the maneuvering corridor for a film or tape motion picture
visual s of the order of the altitude of the nominal flight path
(er much less, if vertical objects are present and one is required
to limit the "lean" angles produced by the deliberate distortion).
Thus, for use in simulating a weapons delivery mission, the mis-
sion path should either be very simple (e.g., straight approach to
a target), at high altitude (giving a wide maneuvering corridor),
or at low speed (oa.,g., helicopter NOE). At low speeds, the pilot
has more time to correct his path before he gets out of the

corr {dor.

There are other uses of f£ilm in addition to the motion pic-
ture approach., A collection of slidem can be provided for use as
high detail target iisets, The slides could bo accessed more
easily if they were transcribed onto a video disk.,

122



a’s

'}flkéyggpcqmqp possible to construct a system which overcomes the
. ..linear path. Pictures could be stored for eyepoints distributed
... at intervals all throughout the volume of a maneuvering space., A

T syatem would consist of w large numbar of stills, each of which
would be divided into a series of sub-pictures and stored on video

., .ahle picture elements of the frame to fit the bandwidth capability
5 T ?}Jfo§h-“i§§r§11 medium. The picture would be re-compared on a
?-f,QQOQnégqhvirtor tube, using the random-access capability of a disk
ffﬁfgéiﬁﬁogip enly the portion of the picture being viewed, The small
.f !;.Ecvﬂctnability could now be configured to be a film limitatinn
il patber than & limitation of storage media on TV Lf the original
: *"?ontqgtgph ware divided into sufficient segments, A 70 mm by 70
~ mm ploture contains over 4,000 picture elements in each direction,
and L{f a standard 525-1ine 4isk or taps wers used, the single

RS T\ wlod “- 'of "'\b 'a""-.." \'-,.‘-_.‘-,'- AT I I T L S S L AT A

:
:

For the past ten years a number of laboratories have been
developing video recording systems separate from videotape sys-
tema. These are known as videodisk systems. They usmse electro-
machanical, capacitive, magnetic and optical (using a laser beam)
recording and playback techniques,

:fAOnco quick retrieval of snapshots is provided by videcdisk,

diik br'tapc. Fach store picture would correspond to the resolv=-

picture would ragquire over 60 television frames of storage.

In use, the picture retrieved would be "flown" through for a
while, and not changed as is a movie picture. Each frame could be
flown for a short while, until the next plcture location is
reached. Such a system would have the advantage of allowing much
greater freedom of flight, since the disk would allow rapid random
acless between pictures which would alleviate one of the moat
seriocus faults of the VAMP or SCAMP approach,

Even so, even a multiple disk systen would have only a
limited data base, and while new data bases could be made, the
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generation of a new film base is not a trivial task. A single
disk would hold 900 pictures (based upon 60 television frames per

- ploture).

This system would still suffer from the same distortion
problems that limit low=-altitude flight simulation, while adding
the additional difficulty of creating a smooth flight profile when

a ‘going from one picture to another, This would, of course, require

the dbvilopmont of a large data storage and retrieval system,

:Althouqh'thn required hardware components are within the state of

the art, a large development effort is required to make this

" approach available., Such a system would bypass the limitations of
& linear maneuvering corridor.

To summarise, motion picture film=based systems may be suit-

© U ablefor “simulating some of the TV and IR sensors in selected
" missions,  An P88, as in SCAMP, is a convanient way of generating
video for the displays. The preprogrammed nature of such simu-
~lation will cause the fewest problems in the case of high-altitude
‘missions, and resolution will be the least problematical for the
‘wider instantaneous fields of view, Some of the limitations of

motion picture systems could be removed by a system based on video-
disk, but such systems belong to the future, not the current state
of the art,

5.1,3 Video Tape/Disk 8ystems

The first practical videotape recorder (VTR) was introduced
in 19%6 by the Ampex Corporation. It used 2-in. wide magnetic
tape that ran at a spead of 15-in, per sec past a magnetic head
which rotated at a high rate of speed. The scanning of the tape
was done in a transverse manner compared to the present day teche-
nique of helical scan, It was capable of a horizontal resolution

of 320 lines, had a video bandwidth of 4 MHz, and an SNR of 30 dB
or more.
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Current VTR's have one drawback in that their performance
improvement has, over the years, been concentrated primarily at
meeting the needs of TV broadcasters, where the horizontal reso=-
lution requirements are approximately 300 lines, scan line rates
are 625 lines per frame maximum, and video bandwidth requirements
are approximately 4.0 MHz, In simulation work, horizontal resolu-
- tion is typically 1000 lines, scan line rate is 1023 lines per
) frame, and video bandwidth, 30 MHz. However, the International
Video Corporation (IVC) recently developed a new wideband mono-
chroma VTR which closely meets the needs of simulation, The IVC
Modgl 1010 VIR ia capable of recording a full 10 MHz video band-
width with an SNR of 43 dB at scan line rates up to and including
1225 lines per frame., It utilizes l-in., helical scan videotape
and providas one hour of videc record time., Figures 5.1,3-1 and
8,1.3=2 {llustrate the record and playback modes of a VIR which
might be used in a sensor display system, Recording may be done
from either an analog image generator or a digital image gener-
ator.,

This VIR has features of stop motion viewing and continuocus
variable slow motion, and can be remotely controlled in all of its
operating modes. This makes it ldeal for a sensor simulation task
where image display can be accomplished under computer control.

COMPUTER CONTROL _
VIDED OUT . -
* CAMERA :3: -
-~
§YNC SYNC o
vTh QENERATON +—* SENSOR SCENE
VIDEQ OUT DIGITAL
- IMAGE
! RENERATON
$YNC (OPTIONAL PATH)
1

Figure 5.1.3-1 RECORD MODE
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SYNC (OPTIONAL PATH)

BYNC NG VIDED
GINERATOR VTR

COHPUTIONTIOL

Figure 5.,1.3=2 PLAYBACK MODE

TV
OI8PLAY

...2%.. 71t should be noted that color VIR's are still limited to a
© 538/625 line scan rate, a 4,2 MHE bandwidth, and a 45 4B SNR.
Higher golor resclution performance might be achieved by using
;w}htji*o!*!h!»IVt-Mo¢cl 1010 VIR's very precisely tracked together
but thetost effectiveneas of this approach is doubtful.

A pépular type of VIR in widespread use today uses 3/4=in,

TUTNAGHORADE 4n @ cassette format (known as the 3/4=in. U=Matic
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Gdssatte) This eliminates the problems of tape handling by the
éperator but lts performance to date is limited to the commercial
broadcast standards of 52% or 623 lines per frame, 320 lines of

héfiiantal reyolution (monochrome), 240 lines of horisontal reso-
tution (color), and an BNR of 45 dB (monochrome).

While the last several years have seen the introduction of a
great deal of digital TV signal processing equipment, videotape
tecorders have remained analog, In a digital video recorder, the
analog input signal is source coded to digital form by an analogy-
to=digital (A/D) converter, and then channel coded and recorded.
During playback, the digital signal is channel decoded back into
digital source code, and then further decoded to analog form with
a digital-tou-analog (D/A) converter, For a digital recorder, the
BNR of the playback video is essentially limited by the quantiza-
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tion noise of the A/D and D/A conversions rather than by the noise

generated by the recording media and electronics, as is the case

with conventional analog video recorders. Furthermcre, deletur-
- ious effects such as meire, residual time-base errcrs, and chroma

i} banding are ncn-existent, 1In recent yeara, VTR industry leaders

S such as Ampex, Sony, and Bosch-Fernseh have demonstirated prototype

”, . digital VIR's, While it is apparent that the digital VTR is the
T way of the future, tnura are still many problems to be solved

;?&‘ before a practical commercially-available device is produced,

These include the choice of video sampling rate, component versus
composite encoding, errcor masking magnetic recording code, choice
of scan format (i.e,, longitudinal, transversa, or helical), and
writing speed versus the number of parallel channels.

, Videodisk systems are just beginning to become available on
the market place but their performance capabilities are limited to
) ‘that of commercial television, They may be computer-controlled,
A ~ provide automatic random access to stored data, provide slow-

motion, freegze-frame, or frame-by-frame viewing, have a range of
- forward=or-reverse speeds, may be programmed with interactive
“information, and may have recording capability of 60 minutes of

color video per disk. These disk recording systems may be applied
to a sensor display system ir much the same manner as the VIR
deacr ibed previously. The main advantage of disk recording
systeams is their higher information packing density over tape.

They do suffer from lower quality reproduction than tape reccorded

pictures and the fact that the ease of recording and playback

leaves a lot to be desired. Master disks must be made on
expensive machinery in centrally located plants.

5.1.4 Laser Bcanner

The Lasar Scanner Image Generator (LSIG) represents the state
! of the art in modolboard image generation, It overcomes the inher-
ent limitations of vidicon-based CMS's and is ideally suited for
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the sophisticated military training environment. The LSIG pro-

e vides high resolution, high scene detail, full color images, It
‘ﬁ_h' 'is of particular interest for the low altitude training require-

@Sﬂ“r‘ﬂfiﬁiﬁtl of rotary wing aircraft,

0 pigure 5.1.4-1 is an artist's concept of the LSIG., The

" system employs a multi-colored laser beam tc scan a conventional
hiqh-dw:ail modelboard, As the laser beam is scanned across the
medolbonrd within the pilot's FOV, the reflected light from the
modhl ‘18 detected by a bank of photomultiplier tubes., The de-
ttctud lignal {s amplified to provide a full-color video input
lientl to a standard simulator display system which may be a CRT

oer 9 projector,

~ v+ ‘The laser beam originates at the laser table, as shown in the
iﬂt‘ﬁ!‘;‘ihﬂ {8 transmitted along the gantry axis to the scanner
‘mymembly within the laser scanning head. The scanner generates a
reantar: ‘Nnioh is projected through the probe to the medelboard
'Whe¥® 1t is reflucted to the photomultiplier tubes, The video
‘Signil {u qenerated through the summation of the outputs from all
O PNT '@y “The resulting image has the correct perspective and line
T'al atght an seen from the exit pupil of the projection probe.

The laser table, as shown in the artist's conception, helds
three lasers, the beam expanders, and the combining optics, The
table provides an optically flat and stable mounting surface and
with covers (n pluce, provides a clean and thermally contrelled
environment, Pour spectral lines of laser light are provided to
produce excellent color fidelity. An argon laser provides the
blue and graen, The red line is generated by a krypton laser and
the yellow line is derived through a tunable dye laser,

The laser scanning head contains the probe, the high-speed

scanner, optics, and support equipment. The combined laser beam
is routed along the gantry X, Y, and 2 axis to the scanner., A
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Figure 5.1.4-1 ARTIST'S CONCEPTION OF LASER SCANNER IMAGE GENFRATOR



servo-controlled mirror system is used to correct for beam posi-

tioning errors. Line scan is provided in the high speed scanner

througnh a rotating multifaced mirror polygon, and frame scan is

provided by a galvanometer driven mirror. The resulting raster is
projected through the optical probe into the model board. The

probe, in turn, contains the necessary servo mechanisms to provide
heading, pitch, and roll response as a function of aircraft posi- ,
tion, -

The laser light reflected from the model board falls onto the
bank of PMT's that are arranged in triads, each PMT in the triad
baing mounted behind a red, green, or blue optical filter., The
outputs of the triads are added together to produce a standard RGB
video signal,

~ Additcional PMT triads ave Locntcd on the gantry and probe as-
semblies to compensate for the shadowing effect they create, Cul=-

tural and airfield lighting is simulated by fiberoptic collectors

mourited through the modelboard and connected to a separate photo-

“detactor system, Control of lights is thus meparate from the rest

of the video scene, allowing increased realism in the simulation
of tactical night and low visibility scenarios. Visibility, hori=-
son and special effects are introduced in the video-processor as
in conventionaul systems,

As with the high-resclution TV CMS the laser image generator
modelboard is designed with rigorous adherence to correct scale
factors, so trainees can properly judge altitide, altitude rates,
alant ranges, closure rates, etc.

'The latest high~fidelity modeling technigues produce exceed-
ingly accurate detail, making the system especially well-asuited .
for helicopter training including NOE operations below tree-top
level,
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A high scale factor, such as 1,000:1, expands the flying area
of the system, increasing scene detail and allowing even individ-
ual trees to stand up to close inspmction.

The major differences between the TV CMS and the LSIG are
replacement of the television camera by the bank of light sen-
sitive PMT's, and replacement of the model illumination light bank
by the scanning laser beam. The elimination of the lamp bank
reduces power consumption and provides a thermally stable environ=-
ment for increased maintainablility,

As shown in Table 5.1.4-1, the LSIG provides excellent per-
formance, 8ince the PMT has no image lag, there is no dynamic
loss of resolution. The high SNR results in a clean image with
little or no background noise, Color registration is simplo and
stable since this is no longer dependent on deflection gecmetries
and yoke characteristics. Finally, the laser beam makes maximum
use of the projection aperture by £illing it completely and
theraby increasing resolution.

Table S,1.4=1, LBIG PERFORMANCE SPECIFICATIONS

System resolution

(limiting) 6.% arc=min per line pair

8NR 46 4B :

Gray scale 10 shades

Contrast ratio 1% to 1

System geometry Within 0.5% for central circle picture
height, within 1% elsewhere,

Minimum eye hoight 6.5 f¢

Display rov 60° diagonal per channel
(48° horizontal by 36° vertical)

Display brightness 7 ft=lamberts

Display convergence Within 0,1% for central circle of picture

height; within 0,2% elsewhere,
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~ LBIG represents a new technology. Demonstration systems

”"7{oxilt within the simulation industry which have served to prove
“ghe basic concepts but no operational systems have been fielded to
".’.}”j.;- o

’*5fiﬁi‘tlohnoloqy does offer certain advantages over more con=-
whntfonal camera model systems, but its application to FDL's
#eecr simuldtion is questionable., The advantages are in areas
,lﬂéh ll mlinelnanoo, aynamic lag, and cultural lighting. These
‘m&r. more important for an operaticual training facility

i ‘;tbhe hours of constant use are required and espacially for
hl inoptar flight training where close approach, low speed, high
ceme ‘detall, low dynamic lag, and color are of primary importe-

. :h limull:tnq ‘sensors, the laser systams are limited by the
“'oame laws of physics discussed in the sections on CMS's., The
optical problems associated with probe design are equally serious
fiK ﬂd\!h‘ dimitations in gaming area and probe protection are not

- improved through the use of laser scanning technology.

Finally, since CMB's already exist at the FDL facility, it is
qulltionablc whether the acquisition costs of an LSIG could be

~ Justified considering its limited application in sensor
- simulation,
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5.1,5 Digital Image Generation

5.1,5,1 General

Images generated for various sensors necessarily differ in
the kKind of parameters and level of scene detail required, The
extent of these differences has been investigated in terms of the
. image generation requirements for each type of sensor system and
'by evaluation of the various sensor peculiarities, Some of the
lllicnt characteristics of FLR, FLIR, LLLTV, and visual images are
-dileuliad in the following paragraphs.

5.1,5.1.1 Comparison of Sensor Characteristics

An airborne radar (e.g., FLR) is an actibo device in which

’;Tﬂthc dilplaytd imagery results from retflection of transmitted

' 'pulncn of very short wavelength originating from a transmitting
antenna. After each pulse transmission, the antenna switches to a
xeceiving mode and collects the raflected signal for amplification
and CRT display along a radial sweep line, The positions and
brightness of each point along this sweep are indicative of slant
range and radar reflectivity, respectively, of objects encountered
by the radar pulse. Horizontal scanning motion of the antenna
beam provides a slowly refreshed FOV in front of the moving air-
craft in the familiar sector scan format.

By contrast, IR, FLIR, LLLTV, and visual sensors are passive
in nature and depend upon high resoclution optical scanning of
scene images. For CIG, each of these msensors can be considered a
raster-pattern scanning system, differing only in spectral
response, resolution, image format and display characteristics,

This comparison indicates that a sector scan image generation

system for FLR differs in a rather fundamental way from those
using the raater-type display. Not only does the gslowly refreshed
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display appear quite different, but the image processing and pro-
jection algorithms are also divergent., Display position for a
given object is determined in the radar display by slant range
from the antenna and azimuth bearing from aircraft heading, 1In
the other sensor displays, a true visual parspective view is pro-
duced (although it may sometimes be modified for wide-angle view-
ing).

Another important difference is the effective range and reso-
lution., As shown in Table 5.1.5.1.1-1, resolution for radar is an

‘order of magnitude poorer than FLIR resolution, but range is much

greater. This implies that many more objects will be visible in a
radar scene but to a lower level of detail than for corresponding
FLIR raster=scanned images. Radar wavelengths are relatively
unaffected by weather, atmospheric effects and darkness, whereas
visible and IR wavelengths are attenuated rather sharply by these
conditions.

Table 5.1.585,1.1-1 USAGE AND PERFORMANCE CONTRASTS
BETWEEN FLR AND RASTER-TYPE SENSORS

LR FLIR, LLLTV, Visua
Area of Unlimited Unlimited
intarest
zflective Approximately Approximately
tagolution 100 ft 10 £t
Effective 70,000 ft+ 40,000 £t (typical)
maximum
altitude
Effective 200 nmi 7 nmi to 25 nmi
slant range
134
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Resolution in the radar cystem is primarily determined by the
angular width of the transmitted beam (azimuth beamwidth), typical-
ly about 2° and the pulse length of typically 0.5pmsec, For the
passive sensors, resolution is limited by the size of the smallest
solid angle which can be sampled by the scanner or resolved by the
uraided human eye. A typical IR scanner can resclve about 3 mrad
of arc which translates to about 6 ft at a 2,000-ft range.

5.1;5.1.2 Image Intensity and Color

The intensity of points in the CIG is also dependent largely
on the lype of sensor., Intensity in an FLR image is determined by
the strength of the return frum objects at equal bearing and range
from the aircraft. This strength is determined in turn by object
reflactivity at radar wavelengths, object aspact angla, antenna
gain patterr, and weathes and atmospheric effects., Of coursa, the
settings ok various operator controls also affect the intensity
(e.¢g., antenna tilt, IF gain, atc.).

Dark areas of the radar image are due either to low reflec-
tivity of objects present, surh as water, which reflects the radar
enargy away from the antenna, or the absence of any reflecting ob=-
ject at that slant range position. The latter condition r:fers to
occulted areas or areas shadowed due to terrain or cultural re-
lief,

Several objects may appear at a coincident display position
due to their equal slant range distance from the antenna; for
example, in rapidly rising terrain,

The beamwidth (typically 2°) and pulse length (typically 0.5
usec of ths radar pulse also contribute errors which smear or
blend together objects with small angular or slant range
separation, respectively,
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Raster-acanning image sensors in the visible spectrum (in-
cluding LLLTV) have a rather more complex intensity functiocn. The
scene intensity varies as a function of slant range, incident
light, time of day, sun (or other illumination source) position
relative tc sensor, object aspect, clouds, weather, object color,
and reflectivity or albedo, For visual senscrs, such as out-of=-
the=window displays, the objects must clso ba described in terms '
of primary color intenslty for complets sensor image genaration.

A few objects in the daylight scere may be radiation sources of
visible light (e.g., beacons, runway strobes). At night, the
~ numbex 92 light ‘sources can be enormous,

IR sensors are dependent primarily on radiated IR wavelangth

energy rather than reflected energy for tha intensification of

- image points. Thuam, it i3 usual for bright image areas to rep-
resent hot objects (e.g., cultural areas heated by the sun) and
darker areas to represent cooler cbjects (such as water, vegeta-
tion, and shaded areas). The tamperature of objects is obviously
dependent on recant meteorological history and time of day, as
‘well as emissivity and temperatuce time constants (heating and
ééolinq) of various surface materials, Color may also be used in
IR imagery but is only indicative of various IR intensities.

Any of the sensor types may exhibit other peculiarities due
to particular transfer functions, operating modas, or image en-
hancement features. An example of these paeculiarities is blooming
and smearing duy to image intensilication in LLLTV systems.

5.1.5.2 Real-Time CIG

There are an almost infinite number of unigue visual/sensor
effects which are worthy of dotailed studv, To a great extent
many of these ara independent of the method of 1nage generation
and ara2 best left to a psychophysical study of visual simulation
systems (rre Xraft et al, 1980).
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This study concentrated on the currently available CIG sys-
tems and on the CIG systems that are under consideration by the
military and manufacturers, The image processors (both visual and
IR sensor) will be discussed to illustrate what processing ap-
proach was taken by manufacturers, the reasons for those deci-
sions, and why they are quite similar. Also, the basic limita-
tions of current CIG systems will be discussed, along with the

possible modifications, additions, and redesigns that appear

necessary to minimize the present objections to CIG., Lastly, the

- implementation of a CGI system to generate the IR sensor scene
dncluding the generation of the anomalies inherent in IR sensor

imiqqry will be discussed. This will cover the choice of image
processor, the modifications to the data base, and the post=-

- ptoddpiing necessary for the unusual special effects.

The daca basa generation systems have become increasingly
important to the overall simulator accaptance, in terms of both

 data base cost and scene design, For this reason the methodology

for acene data entry and its ramifications will be discussed with

‘regard to how the content influences the image processor. A dis-

cussion of data base considerations appears in Section 5.1.5.3.

5.1.5.2,1 General Description

It appears that all sophisticated real-time CIG that have
been delivered to the various users and those CIG presently under
contract function in much the same way. These real-time CIG
normally generate images at 30 frames per sec, Because of this
high frame ra&te, no gensral-purpose computer alona cen do the job.
Consequently, a real-time CIG eystem usually consists of a
general-purpose minicomputer and a large, special-purpose pipaline
processor,

Depending upon the processing algorithms used, the architec-
ture of the special-purpose image procescor vavries little among
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different real-time CIG systems, Most processors can be parti-
tioned into three subsystems, as depicted in Figure 5.1.5.2,1-1.
The major function of the frame rate processor is to obtain a
description of the silhousttes of potentially visible objects in
texms of the two-dimensional screen (image plane) coordinates
given their three-dimensionsal description in the environment
coordinate system. When objects are modelled by planar surfaces,
the silhouette description of each potentially visible planar
surface is usually in terms of potentially visible planar surface
edoas defining its boundaries., Each of these edges is character-

- -ised by edgs parameters which define where the edge starts, ends,

1ts slope and the shading information of the surface with which
the edge is associated, The scanline rate processor takes the
description of these silhovettes (planar surface-edges in cases

where tha objects are modeled by planar surfaces) from the frame
»rlwl prcunllot and generates for each scanline their visible
_,ingcrlocticnl (ordered from left to right, if the scan direction
'fi‘ftomaioftito right), Finally, the picture element rate pro=-
~ cessor takes the visible intersections together with shading
~information to their riqht and generates the shade for every

pioturs elament on the scanline,

rmcm.-runrou PIPELINE PROCESEOR L
| |

GUNURAL PL«pORIL Lol FRAME RATE L) CCANLING RATE |yl PICTURE ELEMENT | DigLAY
OMPUTAR =5 PROCESSOR PROCESEOR RATC PROCOSSOR | 1
- | |
b e e e e e e e e . — - — o — — - ]

JTIGURE 5,1.5.2.1-1 ARCHITECTURE OF THE S8PECIAL
PURPOSE PROCESSOR OF A REAL-TIME CIG SYSTEM
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5.1.5.2,2 Limitations

Since all real-time day=-night CIG systems operate at TV frame

“ritill,thc amount of scene detail is limited to th2 number of

scene elements (edges, polygons, etc,) that can be computer-

processed in 1/30th of a second. All manufacturers made the many

trade-offs between cost, scene detail, and user application

‘slightly different and, hence, the CIG apacifications from each
‘manufacturer are different., The varicus manufacturers have

delivered CIG systems that process from 2,000 scene edges (500

~ polygons) to 8,000 scene edges (2,000 polygons) with systema

Ji:,§§r600111n9 up to 30,000 edges said to be under development., There
are other parameters that vary slightly from manufacturer to manu-

facturer such as levels of occulting, scanline crossings, gaming

© area, etc, However, the interaction of each of thess parameters
Violomaessdt extzemely difficult to rank the various CIG system
- objectively.

Tho most complex CIG scene that can be generated by a CIG is,

‘at best, an abstraction of the real world., More hardware and

faster processcrs can produce more complex scenes, but no matter

"how many edges are employed, the scene does not contain nearly the

amount of detail that is apparent on a CMS,

lactually, the display frame rate need only be greater than 24
frames per sec 80 that the image would not appear to flicker., The
nse of 30 framas par sec is dictated soley for purposes of elec-
tronics simplicity.
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For practical reasons of cost and complexity the image

processor designs have been limited to using planar de scriptions
of the desired scene.Z2 A further simplification is that a single
color intensity is calculated for each polygon. These two simpli-
fications (planar surfaces, single color) result in a displayed
scene which is somewhat unnatural, particularly when attempting to
portray terrain and vegetation since little faceting occurs
naturally. Man-made (cultural) objects, on the other hand, are
composed of planar surfaces or are relatively simple geometric
figures and thus appear realistic in CIG.

This problem is accentuated when the mission scenario
requires low-level or NOE flight. In these cases the planar
surfaces must be made large so that the image processor can
produce a scene over a large field of view with a reasonable
visibility range. When the eye approaches these large detailed
surfaces there is little other scene data available in the
immediate foreground to aid positioning of the aircraft. Real-
time data base generation and the addition of texture on the
surfaces may minimize this problem. Both techniques are being
developed and will be discussed separately.

It should be pointed out that this problem is not entirely
eliminated by the many scene-levelling techniques that are in use
or under development. These systems usually require that an ob-
jJject be assigned a location in the data base and given an object
priority or, at a minimum, share a priority with a limited set of
objects. In those systems that do not use separating plane trees
theypriority problem does not exist, but the basic scene edge capa-
bility is much more limited to begin with.

2smoothing algorithms are employed by all the CGI manufacturers to
extrapolate the shading of objects to produce a rounding effect.
These provide a great improvement in realism but some faceting
still remains and the algorithms do nothing to reduce the notice-
able straight-line segment silhouette.
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5.1.5.2,3 Other Computational Approaches
[ ]

Various researchers have studied the computer rendition of
parama trically defined surfaces (especially bicubic patches) for
curvilinear object simulation (see Catmull, 1974, Blinn, 1978,
Whitﬁ.d, 1978, Lane et al, 1980, Clark, 1979, and Yan, 1980).
Curvilinear objects generated with these surfaces are free of
artifacts associated with objects modeled with planar polygons.
Unfortunately, it is much more difficult to obtain the silhovettes
of cbjootl and to perform intensity computation as well as texture
modulation within the silhousttes of objects on objects modeled

7 with parametrically defined surfaces than cbjects modeled with
p;’nar polygonl.

Conloquontly, it does not appear that a cost=affective,
tcﬂl-timl implementation of rendition of objects modeled with
plrlmoericully defined surfaces is feasible in the near future.

5.1.5.?.4 New Designs and Architecture

A Tho enpnbility of present CIG architectures has reached a
limit, due to aystem complexity, and new DIG designs will even-
tually shift to a different architecture. A similar complexity
limit has appeared in data bases and, consequently, data base
construction techniques will change as well.

The current hardware architecture uses a long, single pipe-
line to accomplish the image generation, This type of architec-
ture regquires new pipeline segments to add new features, But the
system maintainability problems will increase for systems larger
than the present CIG's. Ths alternative is to use an architecture
with many small processors operating in parallel, Such architec-
ture will be much easier to design and maintain, and will permit
more widespread use of large scaler of integration,
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In addition to the change towards parallelism, future systems
will incorporate a full frame buffer, This will eliminate scan-
line=-related restrictions such as the limit on the number of scan=-
line intersections. The processing restrictions wi'l be on a
frame basis rather than a line basis, which will be a substantial

. improvement from the user's viewpcint. The frams buffer alsc sim-

ﬁlitidi the implementation of many features, including advanced
features such as translucent clouds.

For the data bases, the trend will be towards the greater use

of plludcrlndam generation techniques, so that much of the data

base detail will he generated as required in near real time. The
de tail would £111 in outlines generated conventionally. This will
rlducc the expanse of data base generation and solve the problenm
of auooulinq the data bases fast enough from mass storage (this
is discussed further in Section 5,1,8.2, 7).

Approaches to parallel system architectures and pseudorandom
systen qnnoration are described in the BIGGRAPH '80 proceedings.
However, it is difficult to predict when the benefits of research
along thesea linas will be available in product form. A parallel
architecture frame-buffered system will certainly be proposed
within two years. The improvements in data base generation will
probably not coms along as fast, and are perhaps four to five
years away.

The hardware archié&oturll changes are inevitable, Advances
in semi=conductor technology are occurring so rapidly that within
& few years competition will force the manufacturers to construct
such a asystem, The data base technology, however, is software,
and there is no great push from technological innovations in soft-
ware, Consequantly, the changes in data base techniques are more
speculative,
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5.1.5.2.5 Modified and Hybrid Systems

Recently soms modifications to the basic CIG structure have
been made. One of these modifications consists of using the image
procesecr in a Aual capacity, partly as a night-only (vector dis-

.. .. Play) and partly as a day=-night system (raster display). This is
- implemented by using som of the available frame time to display

light sources in a calligraphic mode, Although the scene is pre=-
santed on a shadow mask CRT rather than the normal beam penetra-

~tion tube CRT used for night=on), systems, the images of the
‘lights are fary better than the images cbtainable on day-night CIG
. ‘systems, -In turn some compromise has to be made in the day scene
.. bacaume of the frame time heing used for the calligraphic mode.
';-‘Thc numbar of frames displayed per second is reduced causing the
" amane’ to flicker even when the Aisplay brightness and contrast are
_,ﬁuercduc!dfﬁc_mlnumilo this effeoct, Other compromimes {n scene pro-
T ocesming may aleo be required,

'if';:vaA'.OQQndhcllll of simple CIG syatems has alsc heen introduced
and i{s f£inding soms limited spplication in simulation where the

eyepaint, for example, has a very limited range of motion, In
these cases the visual system background scene is imaged from the
real-world scens and stored on a videodisk, In operation the
background scene is retrieved from disk and projected onto a
screen while only the limited detail targets are computed and
overlayed over the background., In addition, little or no occult-
ing is computed, The system is inexpensive but obviously haa the
disturbing ocoulting and insetting problems. There are a number
of different versions of this type of system, particularly in the
area of air target simulation,

8.1,%,2,6 Texture

As stated previously, the planar surface image as currently
available is inadequate for some applications. This is particu-
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larly true for full mission simulation where the visual system
“must provide adequate cues for low=level or NOE flight, Real-
”quxd confunian must be incorporated in the simulated image
.fﬁriitntld to the pilot (see Figure 5.1.%.,2.6-1)., Planar surfaces
ﬂilri>£do oxplielt to represent nature's subtlety. To solve these
‘”q.nnd provido faithful real=worl” training cues we muat )

Lok un f*ovnativu dlta blll representation completely indepen-

f_”f0fmf'~ktu£1nq il NSt a new goncept; it has been discussed for
;f:4!p§§i., BUt Pour ‘Basic froblems have delayed effective imple-
""ﬁlhthiiohl ‘¢hooceing a texture model, correlating the model with
I redl-world features, assuring perspective validity, and imple-

4 ‘manging texture generation at real-time display rates.

Three different generic texture models have been suggested.
The first uses stored digitized images of real-world featuraes.

. The problems of duta base management and perapective trans-
formation make this approach acceptable only for limited simula=-
tien scenarios. At the other end of the spectrum, the second
technique involves adding a random signal to the projected image
of a scene. Buch an approach mimplifies high=speed implementation .
but sacrifices realism, perspective, validity, and even frame-:o-
frame consistency, Betwsen these two extremss lies the third
me thod of texturing, defining a mathematical funotion that will
generate the desired pattern., B8uch a model cuan be defined by a
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: Flgure 5,1,5.2,6=1 TEXTURE ON HORIZONTAL AND
NON-HORIZONTAL SURFACES
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small number of parameters to provide a compact data base. The
parameters can be selected to correlate with the statistical char-
acteristics of the real-world features being modeled, Perspective
validity can be assured by making the scene position coordinates
the independent variables of the texture function. Real-time
{implementation, as with all CIG algorithms, will require special-
purpose hardware,

Several manufacturers are developing texture consisting of
regularly repeated patterns, one and two-dimensional, that are
supsrimposed upon the faces of the objects in the image (see
Bunker et al, 1978, Reynolds et al, 1978, and Yan, 1980).

To kncp the suparimposed patterns fixed to the object, either
ground=mapped or surface~mapped texture can be used. In ground-
'mlppld aphroachcl all texture patterns are tied to earth coordin=-
ates and are projected onto textured faces, Texture is then
generated as an intensity variation for each picture element of
the simulated image. These variations would then be combined with
the scene intensity. In this way bright objects would be textured
brightly and dimmer objects textured faintly, One limitation of a
ground=mapped system is that texture cannot be applied to vercical
surfaces,

Surface mapping is a more general case of ground mapping. It
has tha advantage that the texture patterns are not distorted as a
function of surface (polygon) slope. However, one disadvantage is
that continuity of texture across surface boundaries is not guar-
anteed and also, the coord'nate computation is more difficult.

As discussed earlier, the limited computing capacities of .
current CIG systems make it mandatory that any texture generator
avold processing texture in the pipeline processor. However, a
number of additions to current CIG systems are necessary in order
to calculate the coordinate transformations to superimpose the pat-
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tern(s) upon the image faces. Even when the texture is not being
processed in the pipeline, the extent of these additions makes it
extremely difficult to retrofit texture into current visual sys-

tams, FPuture CIG systems can make provision for these additions

in the early design, In addition to the coordinate calculations,
provision must be made to provide codes for selecting and placing
texture on any desired polygon in the data base,

One further consideration is that when several levels of tex-
ture are provided to be inserted as a function of range, a method
of blending the various levels at their boundaries must be in-
cluded,

5.,1,5,2,7 Visual System Data Base Generation

Currently, digitel visual data bases are being built in
several different ways, depending on the manufacturer and the
particular contract requirement,

The moast common method, and one that each of the manufac-
turers has perfected to some degree, is a computer-assisted
digitizing approach using a wide variety of input source mate-
rials, Most of the terrain data is digitized using lifts taken
from U,8, Geological Survey maps, usually the 1/24,000 and
1/62,500 series, TLow-lavel two-dimensional cultural data is also
taken from theoe maps, High-leval three-dimensional cultural
detall is obtained by abstracting data from civil engineering
drawings. In a few cases dinensions are estimated from aerial
photoa or a combination of map and photo., Color determination is
not as clearcut and is discussed separately,

The sacond method usas Dafense Mapping Agency Digital Data
Base (DMA DDB)., In many cases the use of this data is specified
by contract, or at a minimumn its use is highly recommended. The
DMA DDB can be used manually ov semiautomatically in much the same
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manner that U,S, Geological Survey material is used. However,
much effort is currently being expended tc develop visual data
base transformat:ion progrzms that automatically transform the DMA
DDE into a data base -“or real time simulation, Appendix D is a
description of the contents of the DMA Data Base,

The initial attempt to use DMAAC foc data base genaration was

'with the digital radar landmass system (D}LMS). The requirements
‘of this type of data bass called for generalized features of rela-

tivaly large geographical areas. DMAAC generation in this situa-
tion was very successful and these data bases are currently used

on various simulations.

Davelopmant of accucate highly detailed date basas for visual

'”cyntamu has not found the same success ss the DRIMS. A Link study

analyzed DMAA data and compared it with other aources of cuvltural
data :namaly, aerial photographs and topngrapaica: ncps). The
atudy centered arcund two major areas of interest: d&ata omission
and digitizltion errors. Data omission included omission of
significant feestures and shape errors. Digitization errors
included clockwise digitization, feature overlap, and reentering
(selt-intersaction).

The study found that in the sparse area selected to be
studied, no features were containad in the DMAAC manuscriptas, How-
ever, vegatation, dry washes, and buildings ware found in aerial
photographs which, due to the sparseness of the arca should have
been included as DMAAC specificationy state, In denser areas,
lakes, rivers, bridges, small towns. raillrcad yards, dams were
missing in the DMAAC data and visible in aerial photographs, Oc-
casicnally features ware found which were noct digitized when fea-
tures of similar size and attributes in the same manuscripts were
included, 2lso some features in the manuscr.pts studied were
fourd to visibly overlap. Thia constitutes a digitization error
over and above the inherent statistical error of the DMAAC data.
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A transformation system has been developed which auto-
matically transforms the DMA DDB into a data base for real-time
simnulation of the B-52 E-O viewing syste.i. To enter the system,
the user roeviews the source data and specifies adge budgets, error
tolarances, and visual and infrared models for DMA planimetry fea-
ture classes. The DMA DDB is read and reblocke: into standard
geographical areas); data from different manuscripts, levels, and
releases are merged into a composite source file. The user then
edits the composite source. The planimetry and terrain are inde-
pendently modeled into visual and IR representations and progres-
sively simplified (leveled) to meet the specifisd adge and arror
budgets at several levels of detail. The levelad planimetry and
terrvain are integrated into a combined scene mudel and reformatted
for real-~time use,

Inprovements to this technology in the next five years will
include the following, Tha complexity and fidelity of the trans-
formed scene will increase to accommodate tactical c¢ombat rehear-
sal in real-world areas. Automatic and manual modeling will be
integrated into a single-scene construction system which will aug-
ment human perception and judcement with automatic processing of
dotails, Data sources other than the DMA DDB, msuch as large-scale
maps, will be used, Productivity will continue to improve, per=-
haps by an order of magnitude. Off-line diagnostic tools will be
devalopad to detect most data base errors without use of the
real-time simulator. Both round and flat-earth gaming areas will
be supported. Areas described as city, open forest, etc., without
internal detail will be automatically replaced by realistic
two-dimensional or three-dimensional texture patterns, Modele
will be developed for a variety of electro-optical sensors,

In addition, data bases may be developed which are similar to
the DMA DDB, but designed specifically to support visual and E-O
simulation., New data base designs and formats may be operable on
several different CIG systems. CIG throughput hnalysis may permit
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the specification and construction of data bases which consistent~
ly use almost all the available CIG capacity without risking over-
load. Improved understanding of pilot cues may allow translation
of training needs into specific testable CIG performance require-

ments.

Some systems use various combinations of the above systens.
In addition, all companies are working on new data base generation
programs to make data entry easier (simpler commands, better prima-
tives, etc.) and are also improving the entry equipment by adding
interactive displays. It would be highly desirable if the inter-
active display were coupled with the data base compiler so that
the operator modifications were made directly in the real-time
data base program. Present efforts, however, require recompiling
of the data base in many cases.

5.1.5.2.8 Alternate FDL Data Base Preparation

An alternate method of data base preparation may be of inter-
est to FDL. It has been used in several special cases and may
find more use in the future. It is completely computer-generated
culture and terrain. Programs have been written that require only
a few city parameters (street width, alley width, block size, area
of city, and nominal building height) and randomly generate a city
that can be displayed immediately in a digital visual system. The
same system can also randomly generate terrain, given height and
location of peaks, saddles, and ridges. Note that these programs
generate both the culture and terrain in a random fashion; hence,
the resulting data base only approximates a real-world scene., For
flight test purposes this procedure may be invaluable because it
can be made to proauce a different data base with exactly the same
level of complexity for every test flight and, hence, remove the
learning curve problem from the flight test.
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5.1.5.3 IR Sensor Simulation

IR senuore arn either direct viewing or scanning devices (in
thoe latter came they may be mechanically or electronically nmcan-
ned)., Whethe <che sansors themselves are dicect viewing or
scanning devicos the cockpit displays are universally electronic

~-soanning devices (TV displays) because the data can be nore

'h:b@nvﬁninntly!ktchsmittode 8ince the most raasonable IR display is
- & vAaster device it is reasonable to assume that the most econom-

egﬁ?;1;!;¥;n;gimp;4gion:dovieq would be the modificacion of a4 visual
~isimulator rathtr than tha parallel design of a completely new

“sensor simulutor,

_ The resesns for these necessary modifications and their possi-
2o plevinplerantation in tha digital visual systems will be discussed
- in fursher detsdl in the following paragraphs.

”>“5;1.5{3.1 ‘Ih Syster Design

A outrsncy analysis of the types of IR sensor Indicates that
~:he mlow=scan (mechaniual, single element) systems are likely to
be comupletaly phased out of use in the naxt few years. These are
- baing replaced by IR scanners operating at television frame or
field rates and by direct imaging scanners. In addition, the
future IR scanners may be steerakle or head slaved.

Those latter aeovices make it necessary to slew at rates up to
$0° per sec without noticeable scene breakup. At these high slew
ratss it iv necessary to update the scene at TV field rates ivather
than at TV frame rates so as to elimiiate the dcuble image effect,

This set of gonerul IR scene ganuration requirements indi-
cates that the computational requirements are quite similar to
helicopter dlgital visual systems, and it follows that any new IR
scene generator would closely parallel present digital visual sys-
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tem designs., It appears reasonable to conclude that the best and
_..most economical approach would be to use a digital visual system
f’“4”£ét IR simulation, A second important reason for this choice is
~the necessity of providing correlated imagery for all sensors and
the visual scene. This will be discussed in mora detail later,

e

i ”"Tﬁlthq a digital visual system requires some modification,

© mainly 4in‘the data base structure, to provide IR data to the image
7 prorQllor .and to' the video generator Lo generate the correct IR in=
nnllcy ruurm and the special effects. Depending on the contant
‘o8 the - YR-data assigned to objects or faces in the data base, some
;ng¢;:iqnll computation may be necessary in the illumination subsys-
T tem of the image processor discuseed in section 5.1.5.3.2, Figure
1:335 1384¢3.1=1A, shows the functions of a typical digital visual
@fead!iqntltion and ‘B shows a possibla reconfiguration to simulate
' an IR sensor. Notice that this diagram is effectively the same as
U piqure 8,1.8,2.1-1, |

Cusrent digital visual systems also make provision for compute
inq séveral channels, that is, sensor scenes computed from differ-
ing specific points of view,l One of these channels can be used
for the visual scene, one for the IR sensor displays, and perhaps
another for the LLLTV.

This greatly simplifies the problems of providing multisensor
data correlated so that all objects are in thelr correct respec-
tive location whan the viewer moves his eyes from one type of dis-
Play to another., This ie dond simply by using a common digital
data base for all sensors, 8ince the object is dascribed by only
one set of polygons (vertices) it will appear properly oriented in

1 Digital visual image processors are constructud so that dif-
fereant spatial viewpoints can be used to compute the scene for any
displays. Most image prncessors can drive up to seven channels.

3
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each type of display. Currently, time separate descriptors in the
data bases are Jsed by the system for computing the proper IR (or
other sensor) scene, This implementation is being succesafully
employed in the more sophisticatad sensor system simulators such
as KC-135 and B-82,

"~;t, Th; further development of a common multisensor data base is
S LR important goal for both the manufacturers and the Air Force,
. Bome of these investigations are directed toward the inclusion of
~many ldditicnal sensor codes for each object in ths data base.
#4nce it has been noted in early IR sensor simulation programs
that a further partition of the data base objects may be neces-
L aary, these separate codes will describe the appearance of each
vaj!Ot"lt every usable spectral region (the entire electromagnetic
- #paotrum is not usable because of the atmospheric attenuation of
,' radiation at particular wavelengths by the atmosphere. In the IR
" region, for example, only the 3-5 micron and 8-l4 micron regions
" are useful), This multiple code would then allow several differ=-
=i Rt sensoYs to be simulated,

‘This nay not completely satisfy new IR simulation require-
mants because current coding assigns a unique code to an entire
data base object. In actuality, objects exhibit different IR pro=
perties for each face because of materials, surroundings, etc, It
may soon be required that each face of an object be subdivided

R
%; into a number of smaller elements with each of these subfaces
being given a separate code. This would provide further informa-

oy tion to the processor to enhance realism,

Currently, the noise inherent in the actual sensor displays
completaly masks the subtle differences exhibited in the IR
W radiation of large masses (terrain, foliage, runways, roads,
& etc.). With the advent of a new generation of IR sansors now
; being developed these effects will become necessary to provide
realism., These effects will have to be treated in the same nmanner
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as texture is handled in some of the latest visual simulators,
i.e., with additional data base coding for each face affected so
that various texture patterns and pattern sizes stored in the data
base can be merged with the face i{tself in the video generation
subsystem of the image processor. This method ol texture gener-

ation relieves the image processor of the processing of edges for
texture effects,

The IR sensor poses additional problems with the size and for-

mat of the sensor data base. 8ince the sensor is usually part of

I a sophisticated optical system, the FOV of the sensor can be rapid-
o | ly chqnqdd from the wide angla coverage normally used for search

to a magnified view as small as 1° by 1° when attempting to identi-
fy an object. An attempt to produce a reasonably detailed scene
by extraction from a not very detailed data base would show an

.extremely sparse¢ scene. Figure 5.1,5,3.,1-2 helps to {llustrate
the extent of the problem.
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With a 60° FOV and an IR range of 10 mi, the area that must
be populated with edges is approximately 50 square mi. If a 30-
power optics system were employed (a 2° FOV), the area of interest
would be approximately 1.5 square mi. Assuming that a computing
capacity is 10,000 edges and a data base were designed so that all
edges could be seen at the maximum FOV, orly 1/40 of the edges
(250 edges) would be in the magnified area. It is obvious, there-
fore, that either a more powerful data base retrieval system is
required (along with better data base generation and data base
storage methods) or a priori knowledge of the objects of interest
is required. In the general sensor simulation case, the latter is
unacceptable, requiring substantial development of more flexible
sensor data base systems than those currently in use. However,
the FDL has far better control of the mission scenario and may be
able to dictate the area (objects) to be scanned or observed with
the small FOV IR sensor. This allows the current image processors
to be used by taking advantage of the visual system leveling func-
tions, resolvability code testing, and careful partitioning of the
data base.

5.1.5.3.2 IR Image Processor Requirements

The image processor for IR scene generation must perform the
same geometric processing as required for visual simulation. Both
visual and IR sensor image processors must retrieve scene data
defined as polygons or edges stored in a data base, perform coor-
dinate transformations of objects, clip transformed objects to the
boundaries of the viewing window, delete hidden lines, sort the
remaining edges, convert the edges to raster scanline intersec-
tions, and produce video to drive a display. The IR processing
differs substantially only in the illumination system computation.
In the visual image processor color is stored on a polygon basis
and the intensity of the assigned color is modified as a function
of the incident angle of the sun (or other illumination source)
and the viewing angle. The IR return, on the other hand, is far
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more complex and therefore requires a more sophisticated intensity
computation system.

35.1,5,3.3 IR Intensity Return Algorithm

This algorithm will be a specialized solution of the basic IR
- vadiation equation combined with an atmospheric transmittance
©o equationt :

2%;: Watts per omé per steradian

IR radiance of the object

emissivity

Stefan - Boltaman constant 5.67 x 10=12y om=2(°x)~4
Tempsrature (degrees Xelvin (°*K))

g Q »n Z 2
s E 3 3 ©

£, It ‘appears that the solution to this equation is mppropriate
; ;ﬁglarfxﬁﬁiimULu:ion. However, the determination of the emissivity
7 and tamperature terms for the wide assortment of objects to be ex-
- - -pected in an IR data base is a complex task,

.‘ ¢}F§?W ﬁé' e : ’

P The two variables in this equation are emissivity, t, and tem-
perature, T. Emissivity is the ratic of energy emitted by the
specified object to the energy which would be emitted by a black
body of the same temperature, T. The emissivity of an object may
be determined as a function of the material of which it is com=-
posed, or of which each part is composed. The basic value must be
modified as a function of the surface finish and the shape of the
object. For exposed cultural objects, weather effects will

greatly modify emissivity. For example, one or more surfaces of
the basic object may be coated with rain, ice, snow, soot, or

other atmospheric precipitants. S8imilarly, temperature, T, is a
function of sun (an the major energy input source) angle modified
by internal heating of the object and weather ¢ ffucts such asm




cloud cover, falling rain or snow, or current ambient temperature
at the object, The temperature ie further modified by recent
history, since most objects of interest have long thermal time
constants; and store results of preceding weather, sun illumi-
nation, internal heating, etc.

The atmospheric transmittance equation im:

I wlIa+ (Ig=1Ia) e=R'KL
1?fwhorc:

I =, the observed intensity of the object
Ian = the observed intensity of the atmosphere

Io = the obmerved intensity of the object at zero range

R' w the ratio of the distance to the object to the
visibility distance

K1 = the scaling cosfficient

Io is related to object IR radiance, N, by a constant K3

Parame ter flexibility is inherent since the visibility range

and scaling coefficients K; and K3 can be assigned by program
aentrol,

Treating I as a single numerical magnitudo is correct for
wavelangth~independent sensors, such as pyrolitic and other ther-
mal sensors. However, for photon sensors, each object should bae
provided with emissivity (¢) versus wavelength (\) function tables
or curves, and I for each emitting wavelength should then be multi=-
plied by a factor which describes the sensitivity of that particu-
lar photon detector at that wavelength, The summation of these re-
sults will provide the final detector value, I. Simulation of
thase effacts is possible, since esach data base cubject can have
known valuas assigned for each possible sensor type, and atmos-
pheric windows can be defined for each simulation,
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5.1.5.3,4 IR Intensity Return Implementation

It is obvious that the computation to obtain the proper inten=-
slty is possible but difficult to implement bacause, for one, the
factors cannot be easily obtainedl and, secondly, the amount of
~_ computation to be performed in real time becomes prohibitive. 1In

;jl pthtioIl case A& simpler solution than solving the classic equa-
" tions s necessary.
,,.ﬁ»_danobvioul solution la to assign arbitrary codes to each
- ‘glail ‘0f objects in the data base, The objects can be grouped and
‘gvﬂ;!‘lﬁﬂﬁ'd,‘ common code when they exhibit the same general IR pro-
St perties with respsct to extent of emisaion, cooling rateas, etc,
: f-aV Th( rules for applying the code for obijects can ba spacified to

» ’*ﬂihiqditl‘blldimodclcr. This arbitrary code will be retrieved with
- ‘the objmet record and used to index stored tables that contain the
" fagtors hecessary for the computation of IR returns. The table
Ce ictvol the purpose of reducing the amount of redundant data that
: "*‘.~hﬁ§d?to‘bi stored in each cbject record in the data bass.

Using an object IR code to index stored tables also makes i*-
possible to provide many levels of sophistication to the computa-
tion of IK returns., Partitions of the stored tables and addition-
a4l codes can be used for new sensors or make use of better IR

return intensity data without affecting the design of the image
proce ssor.,

There are obviously other methods for storing the IR paramet-

" ers and subsequently computing the IR intensity returns, At this

\ | time, however, it is more important to obtain sufficient IR para-
v meter data in a form useful for computation.

f 1 Emissivity, for example, is not included in the DMA DDB, In
fact, as described in Appendix D, objects of any kind (cultural or
natural) are only defined as to their predominant material type.
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Further computation beyond that required for determining a
standard IR intensity return can also be a combination of table
lookup of correction factors or stored functions. These computa-
tions can take into account seasonal changes, weather, latitude,
and time of day. More subtle effects, such as adjacency effects,
may not be computed in the naxt generation device,

5,1.5.3.,5 8pecial Effects

The IR images produced with the DIG (as described in section
| 5,1,5.,3.3) exhibit the same shortcomings of most digital imagery.
The colors and/or intensity of each face are homogeneous and the

‘scene lacks detail., On the other hand, the actual IR image is
extremely noisy and contains many artifacts, In other words, the
"data base and processing limitations create a sparse but clean
scene while the actual scene has great detail concealed with
noise,

The special effects, as discussed previously, 40 not orig-
inate from a single source but are functions of type of alrcraft,
alrcraft attitude, type of IR detector, transmission chain anom-
alies, target background, scene dynamic range, absclute target
temparature, and many other factors, Scme of these effects can
quite easily be simulated by analog technigques, For example,
transmission and display ancmalies can be accommodated with an
{mage converter and TV channel, elther included in or after the
videc processor of the CIG systems (@see Figure 5.1.,5.3.1-1B),

Some of the other special ef{fects are now being accommodataed
with a modified video generator, In most ceses the IR return is
changed on a scanline-by-scanline basis. This works well for d
effects such as hbanding, etc., but some effects (such as halo and
tail) will reguire more sophisticated technigues. These tech-
nigques will, more than likely, require a full frame output butfer,
In addition, much more information must be factored into special
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effects to provide the full range of artifacts exhibited by opera-
- tional equipment, This all but dictates a digital processor dedi-
- cated to providing these effacts,

The digital processor, in conjunction with a full frame out-
- put buffey, would provide a software programming capability for
i  1¥;5mott of the special effects which are presently recognized and
: j”would alsc accommodate the special effects that may be a part of
- future IR sensors,

8 ial Requirements - Semitranslucent Objects

SRS

- ‘There is a need to produce semitranslucent objects for such
'*_ veal=-world objects as localized smog or steam, There are a number

--of altegnative techniques that may be used to produce this effect

S {eee lawandowski et al, 1980, and Bunker, 1979), Both of these

U -new techniques can be used under certain conditions and produce
acceptable (and sometimes dramatic) effects,

5.1,5.3.7 Copcealment

In addition to providing texture to the objects and polygons
in the IR scene (in the same manner as discussed in the visual
scene generation section) it will also be necessary to develop a
o special kind of texture. The special texture must be provided in
Za the IR scene sc that IR emitters can be concealed. At present the

sparseness of the CIG ascene does not permit making subtle or par-
B¥ tially hidden ocbjects because the very presence of objects in the

b scene indicates importance. Training in search technigues with
; CIG will regquire the development of real-time data base, post-
' . processing, and additional hardware in addition toc the psycho-
N4 physical research efforts currently underway.
"
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5.1.5.3.8 Moving Objects

Moving objects are sasier to locate and identify in a
computer~gunerated scene than they are in the actual visual scene

.-~ because the eys is sensitive to motion, particularly in the per-

o °E1phiry‘o£'Vilion.' In the IR scene these objects are even more
" important because, in addition to their motion, they also are

_represented by unique IR signatures. All objects of this class

have a concentrated heat emitting source which, except in unigue

'»i;tugtionl such as deserts, are much hotter than the surroundings,
~ This source usually is sufficisnt to warm the entire object and
- clearly cutline it against the background.

' ‘The digital modeling of these objects is relatively straight-

. forward becauss a large number of IR photos and computer thermal

plots (both actual and pradicted) are available, The more diffi-
cult task is the realistic movement of these objects along the
terrain, Current image processing systems require preprogrammed
paths, usually along known slopes or along selected areas of the
data base, Real-time software written for this task usually
limits the path and the number of vehicles that can be accommo-
dated at any one time. A more general solution will have to Le
perfected so that the vehicles can move anywhere in the data base,
This may include a more straightforward solution to establishing
the height of the terrain at any arbitrary point in the data base.

5.1.5.3.9 Woeapons Effocts

Moving n. _ects can move in any direction on or abova the
terrain, but do not themselves change shape., On the other hand,
bomb bursts, shel! hit.,, etc., are dynamic objects. They grow
randomly but somewhat predictably; move as a function of wind
direc.ion; and change color, An accurate portrayal of the burst
image (as opposed to a symbolic portrayal) ie sxtremely important
to IR simulation because the observer obtains information from the
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shape , growth, and heating pattern of the blast, not simply from
its location. The same eolution for these effects as for texture
does not seem possible., It does appear that a technique that
utilizes a real-time data base manipulation technique such as that
described by lewandowski (op. cit.,) may provide these effects.

The technigque in its simplest implementation ia a large num=-
ber of representations of the burst. Each would be the image of
the burst at one time in its growth and decay. These would be
stored in the image processor control computer and transferred to
the image processor active data base at gsome predetermined inter-
val of time, (Some present implemgntations use a 5 or 6-frame
time interval,)

The patteras can be grown off-line with a pseudorandom growth
algorithm or, in a more sophisticated technigue, could be randomly
grown in real ftime, The latter may be preferable for the slow-
growth long-~period burats, such as large explosions,

5.1.5.3,10 Summary

The current CIG systems can be considered secord generation,
the first generation being the CIG test and evaluation devices
that nad little training value. There was in fact a great tech-
nical step between these two generations Early CIG's had perhaps
128 e’ges and no occulting while current CIG systems provide 6000~
8000 edges with at least 256 levels of occuviting., It should be
noted that these latter devices are using the latest in digital
computation and atorage technology znd, as pointed out in the
diacussion on image processors, a stable and useful system design
common with all manufacturers,

It doe3 not appear likely that an image processor that de-

parts radically from the use of planar surfaces will be announced
within five years. In fact, many of the military research pro-
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" grams that ware promoting and/or sponsoring such programs as
odgﬂl&la CIG have been withdrawn or cut back, Some of this is
‘f«dq», no:doubt, to funding considerations but, to a greater extent,
. it dms because the numerous proposed computation systems are dAiffi-
‘§;qutp-i!*not'impOIIiblc, to implement at this time.

!7 ) < :There is no question that there is, or will be shortly, a
“T§Qi?iJ§tncvaﬁibn of CGI. The basic image processor philosophy
‘Will ramain the same but distributed processing may reduce the
;cclt whilo incroaling planar surface computation by a factor of 2
“to- 4y~ “In ‘addition, the retrieval of scene data will be improved
rft°>b.tt.f populate the scene being presented while increasing
,;,gmguntl of postprocessing of imagory will be implemented to pro-
“vide a large class of scene improvements (texture, translucent
,’“‘d;ntl, atg.) s

G 5.1 5 &~ Digdtal Radar Landmass Simulation

'j 'i{’I£~ﬂbuld1bo highly desirable if, as in the case of IR sensor
- sQene generation, a channel of a digital visual system could be
modified to generate the digital radar scene. As discussed pre-
viously, the planar approach to visual scene processing was
decided upon by all CIG manufacturers in order to make digital
processing possible (and practical). It alsc followed that the

planar segments are also the moat compact digital description of
the tarrain.

Early in the development of DRLMS radar landmass systems this
approach was the subject of intensive inwstigation (see Hearty,
1972) and several manufacturers have opted for this approach.
Even when planar dssecriptions of the terrain are being used, the .
hardware solutions to the radar equations and the use of PPI 4ia-
plays have made it impractical to make any of the DRIMS systems
and data basss common to the digital visual and senror systems.
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Other manufactursers have chosen to use a grid system to
enccde the terrain (see Hoog et al, 1974). 1In this type of system
the terrain is stored as a rectangular grid of elevation posts.
The spacing of the posts is chosan 80 that through the use of a
smoothing algorithm, a sufficiently accurate representation of the
ground cén be obtained,

_The choice of either of these two methodes of coding terrain
determines the architecture of the DRLMS system and to a somewhat
lessar extent the complexity of the DMA DDB to DRLMS data base
transformation programs. The latter is an important consideration
in that extremely large real-time radar data bases are reguired
that defy manual modeliny and digitizing. The effect of the
cholce of terrain coding on DRLMS architecture and transformation
will be discussed further,

The requirements of fidelity in the DRLMS for the engineering
simulator differs in one significant way from the fidelity
roquirod of a tactical alrcraft simulator. The engineering simu-
lator DRLMS must simulate extremely high resolution radars
operating at low altitudes (as perhaps the tactical simulator) but
does not nacessarily have to portray a specific geographic area.
The data base must contain sufficiently high resolution data
coupled with a compensation technique that provides radar infor-
mation to the pilot that does not detract from his evaluation
task.

With regard to data compression the baeic reasons fcor selec-
ting a planar approach or a gridded approach for an operational
aircraft DRLMS are no different than for an engineering simulator.

The planar approach minimizes the need for a large data base
storage system and for a sophiaticated retrieval system. However,
in the engineering simulator there is no need for large (world
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§...0 . - wide) maneuvering areas. There is, however, a requirement for
‘krdtlpilyinq ‘the output of extrsmely high resolution radars oper-
{;tzny in 'NOE flight., It appears at this time that only a gridded
*'!pprbleh to DRLMS can provide the necessary high resolution.

i

79%5{4.1 Jegrain Representation

Thi ‘original DMA data for terrain is in a grid format. This
nmtubigthc transformation to a DRLM8 grid format straightforward
hna_tiﬁfiy undtrltood. It is also efficient in terms of trans-

e

f ipinput data.’ ‘A more important criterion that must be met in
he' planar transformation process is to generate a sufficient
- numbor of surfaces to accurately portray the scene while at the
}ij;ﬂ_.llmO time not generating more faces than can be processed in the
:T‘ ;feumputir. This makes fitting planar surfaces to a set of terrain
o ﬂyﬁgxi‘l ccmplieltcd, iterative process. There is no question that
the grid representation of terrain is not as efficient as planar
04ding since the adjacent posts in lavel terrain are redundantly
coded. Therefore it is a foregone conclusion that more digital
storage (and subsequent retrieval systems) is required for DRLMS
3 systems employing equally spaced elevation posts. To some extent
K this redundancy tends to make modification and updating of the
i elevation data base easier and more direct since an individual
. post elevation can be changed to emphasize a peak or valley,
4 whereas to accomplish the same change a new planar face must be
; generated and all adjacent faces modified to fit the new face.

5.1.5.4.2 Gridded Elevation Interpolation

P,

It i{s Aifficult tou establish mathematically what the ideal
even grid apacing must be to present to the pilot a scene that can
be used for training. The usual criterion is that the scene must

Ry >

el
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contain all significant recognizable terrain features., Early
DRLMS systems established that a completely realistic scene can be
generated with a grid spacing of six arc-sec for short ranges (up
to 25 nmi). This compreesses the original DMA by a factor of one.
At long ranges (up to 100 nmi) a grid spacing of twelve arc-sec is
satisfactory, This latter spacing compresses the original DMA
data by & factor of sixteen.,

~ In order to present a continuous terrain surface along re-
trieval sweeplines, intermediate elevation values are interpclat-
ed, Many algorithms have been evaluated and scenes generated us-
ing the various schemas. Early DRLMS used a complex weighted
parabelic interpolation but more recently simple bilinear algor=
ithh;,havo been deaveloped which also provide a radar prosentation
which is free of grid modelina effects or large planar segmants,

5.1.5.4.3 Planar Interpolation

The plannr segment representation is an extremely compact

mnthéd of encoding terrain and, over a limited araa, is capable of
- describing the position, shape, and elevation of isclated ground
features much more accurately than gridded terrain data, With
gridded elevation data some promninent peaks or valleys may fall
within the grid and, without manual updating, could be further
smoothed during interpolaticn, However, there is an absolute
limit on the number of faces that may be usged to describe the
terrain, At long radar ranges this results in large geographic
areas being defined by a single plane. Small undulations would
not appear in the data buse at all,

The most noticeable problem is that there are abrupt and un-
realistic changes of radar return at the large planar boundaries,
These are caused by the abrupt change of aspect angle, etc, A
smoothing function, not unlike that used for producing a rounding

effect in the vimual scene, can be used to minimize the edge out-
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-o--.-lining effect, The large facets that show through on the display
tiri mere difficult to conceal. Without intermediate terrain data
‘ °;mckl realistic contours the facets must be populated with radar
'0¥¢ in much the same manner as was discus)d for the CIG

'th:octlaor ls a combination of dedicated parallel and
_‘”ptlint ‘processors that perform the necessary mathematical oper-

ations 4n radar sveep time. The computing capacity is designed to
& mlximum numbcr of planar segments. As a practical nmat-

- Thn llvvntion grid data processor is not designed to accommo-

-dato &n average complexity but is designed to accommodate the sama

"‘numbct of elevation posts without regard to terrain form. It also
is implemented as a pipeline processor with parallel retriaval,
8ince it is designed to process the maximum amount of data at all

times it is more complex and as a result more expenaive than the
planar processor.

"8:.1.5.4,%5 Reflectance (Planimetry) Data

The cultural data base reprasents a description of the envi=-

o ronment (e.g. water, deciduous irees of 40-ft height, steel
buildings of 300-ft in height, residential area of 50% ground

. cover)., All of this data must be stored in digital memory as was

' the case with the elevation data. Thare are, as was the case with

3 elevation data, two methods of storing and subseguently processing
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s~ the reflectance data -- a grid technique as described before, and
77 a list description,

Co The same implementation rationale presented for representing
;:‘olcvation is valid for representing cultural data. However,
f?whortll the grid system is particularily suited to storing and
fp@iicnting data which is uniformily distributed (e.g., terrain

,jdltl) 4t is not an efficient method for storing cultural data

'fwhieh is normally not uniformly distributed.

. In early DRLMS systems a grid system was used but as higher
'i;rnlolution data becames available most manufacturers have opted for
vgagligt processor or a hybrid list and grid processor. Table

. 7BV1.8.4.5=1 shows the salient characteristics of elevation and
" gultural data base formats, and resolution, for several DRLMS

' systems delivered to the Air Force and Navy,

s Early analysis of the DMA DDB indicated that only up to 80
"4 features per nmi noed be processed in the DRLMS, However, DMA is
_ now providing data bases with feature densities of over 250 fea-
S tures per nautical mile over extended areas.

It would appear at first that with the high density of cul-
tural data it would be poasible to use a grid approach for the
design of the elevation system for the reasons astated previously
-- gimplicity and cost. However, the resolution of the cultural
data is about 30 ft, 1In order to preserve the separation between
objects it would be necessary to use a grid spacing 2 to 4 times '
finer than this spacing. This would be impractical in terms of
both data base storage and processing, DMA made the same conclu-

» sion when they established the format for cultural data and sub-

sequantly coded the data in a list format, .
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In the past, manufacturers used a parallel cultural proces-
sing system: a grid system for coarse cultural data, and a list
system for fine or higher resolution data, This system was
adopted so that when the list processcr became overloaded (because
of limited processing capability) the coarse cultural data would
continue to be processed and presented on the radar display with
- some of the high resolution data overlayed on a priority basis.
This parallel system is an expensive method for alleviating the
overloading probleama. The advent of faster processing integrated
¢ircuits and the lower cost of high-speed digital storage will
make it possible to use a single cultural list processor no matter
how dense DMA encodes cultural data in the futurae,

An added advantage accrues when using a single list system
for the real-time DRLMS data base in that the DMA cultural data
base is encoded in this form, thus making computer transformation
easier and more satraightforward,

$.1.5.4,6 PFuture DRLMS Systems

The DRLMS systeams have proqressed in parallel with the CGI
systems, The first prototype systems were developed as recently
as 8 years ago to show that digital techniques could produce radar
displays useful for training., The early systems used small data
basas manually digitized from T~10 data cor Air Force prediction
data, Table 5.1,5.4.6-1 shows the progression in the performance
of the aystems, The B-52 DRLMS meets the performance specifica=-
tion and more than likely is capable of meeting the radar require-
ments of the next few years, It uses nearly all of the resolution
of the DMA data base.

Improvements in DRLMS are currently being made to accommodate
the next generation of military radars. In performance they will
eventually use the entire elevation and cultural contents of the
DMA data base and use significantly more reflectance codes., At
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that time it will be necessary to design a new data base to sup-
port radar of higher resolution and better performance. This will
be a major undertaking and will not be available during the
1980's,

The most significant DRLMS improvementa will be in the sim=-
plification of the hardware due to the introduction of integrated
circuits with better performance than presently available,.
FPurther redasign should minimize the number of cards and the
number of types of cards, which will reduce cost and make
production, test, and maintenance easier,

5.1.5.5 Analog Radar Landmass Simulator (ARLMS)

The existing FDL facility contains a T-10 Land ARLMS system
of late 1960's or early 1970's vintage. The system consists of a
data base stornd on film plates which are accessed uasing a FSS,
The resulting video 1is processed by analog circuits which modify
the video to be representative of random radar return signals.,

The £ilm plates are 30 in., by 30 in, color transparencies,

These tri-color plates used in ARLMS for navigation and bombing
are described as follows:

Scale - 1 to 3,000,000
Coverage area - 30 in., by 30 in., (1,230 by 1,230 nmi)
Real-world coverage area - 1,5 million square miles
Encodement levels - 392
Coarse elevation 7 levels - Yellow - Blue PMT
Five elevation 8 levels - Cyan - Red PFMT
Cultural data 7 levals - JMagenta - Green PMT

The maximum resolution of encoded data is depicted on the
transparencies at 0,001 in., DMAAC magenta resulting in a ground
resolution of 250 ft (often degraded to 500 ft by film limita-
tions),
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Tri=-color transparancies were originally developed for the
T=10 Radar Landmass Simulator by the Marquart Corporation, Pamona,
CA. Later versions of these same transparencies were also used by
the U.S, Air Force in F=111A radar landmass simulators developed
by Link,

The transparencies of the East and West Coast U,S8. were
developed and produced by Technicolor Corporation, Burbank, CA,
betwaen 1963 and 1966, Between 1967 and 1978 the U.S, Air Force
Cartographic Technical 8guadron (CT8) located at March AFB, CA.,
was responsible for production and updating of fourteen different
geographic areas, amounting to 1,5 million square miles,

The resolution of the encoded data on the tri-color transpar-
encies was scale-limited at 250 ft. If the scale of the transpar-
encies were 111,000,000 the resclution would improve to 83,33 ft,
and 80 on.,

In 1978 the CT8 unit stopped production of tri-color trans-
parencies after building up an inventory of spares of each area,
which are available from USAF Defense Mapping Agency Aerospace
Center, 8t, Louis, MO. 63118, ATTN:t Mr. Joseph Weltig, or Mr,
Richard Batista,

The 8spot size of the flying spot scanner was 0.001 in. Due
to retriggering of levels based on variation in transmission from
the center to the edge of this large 30 in, by 30 in, transparency
a series of quantizers were used to adjust each and every transpar-
ency in the system, If the gecgraphic area plate was changed the
entire system needed to be realigned,

Figure 5.1.5.5-1 shows how these trantzparencies were produced

up to the stage of the tone masks which were printed onto the
color film,
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In summacy, if the 250 ft resolution is suitable, several

transparencies currently exist and are available from DMAAC as .
previously mentioned. ’

If fesolution‘better than 250 £t is required, the system can

accommodate scale modifications to 1:1,000,000, which will improve
‘the ground resolution represented to 83 ft.

It would take approximately 18 months to set up and produce a

tri=color transparency. Updating existing transparencies could be
. done in approximately 9 months,

It is clear that extensive efforts will be required if signi- .
ficantly increased performance is to be achieved in the existing B
T=-10 ARLMS. Minor performance improvements can be gained through
upgrading the flying spot scanner, but these changes cannot bring

system performance beyond the limitations imposed by the film
plates.

L -

Table 5.1.5.5=1 compares the performance of a digital system
with a T=10 analog system., Actual numbers of the DRIMS may vary
depending on model., The performance of the T-10, of course, de-

pends on age and maintenance. The table represents original per=-
formance achievable.
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Table 5.1.5.5-1 T-10 ARLMS VS, DRLMS PERFORMANCE

SIMULATOR CAPABILITY
PERPORMANCE
PARAMETERS ANALOG DIGITAL
Positional accurecy >1000 ¢+ 230 ¢+
Resolutlion 300 €250 ¢t
Ppl dritt ? None
0%%s base change time > hr (need <3 min
: recalibration)
Nisslon eres 1290 by 1250 nanml Unlimited
Retrisval errors @ 80 nmi %4 nm! 0.1%
Quitural Jevels 7 186
(\.v.f}on range Sea Level -2,000 +¢
12,800 ¢+ 30,000 ¢+t
Elevation steps 56 4,096
Elevation step resolution 100 ¢t min = 2 ¢t
. 1,000 ¢+, max

o (R ~ Oata base update on-site No Yes

i [ =

pﬁLﬁ' e ' Dats base quallity Not representstive Best avellable

A i+ DMAAC used

LN .

w% futurs and advanced None As avsellable
‘ data beses from OMAAC
J.'

-5% Resolutlion expansion No Yos

Ny possible to 100 tt

"'|
o Resolution and festure No Yoo

“" qual ity expansion 33 ¢t
w

s\ fldellty of aspect 1 Excel lent

\"

el Fidellty of low-level ? Excellent

3‘@ presentation
i

’ Fldellty of shadow ? Excel lent

A ¥

? Fidel ity of slent range Gond Excellent

1 L]

)

:( Fldellty of szimuth insdequate Reallstic

iy :

o

vk

\-1:
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=
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Table 5,1,5.5-1 T-10 ARIMS VS, DRLMS PERFORMANCE (Cont'd)

; SIMULATOR CAPABILITY ,
PERFORMANCE
PARAMETERS . ANALOG DIGITAL
L
Fldelity ot verticasl Good Excellent
sntenns .
- Fldellty of pulse None Excel lont
" stretching
Vo Targets None Yes
i Bescons None Yes
' Jo-noro» 1 Yes
Fldel ity of weather ? Excelteont
Weather ares ? 50K nmi2 ares
Weather levels ? ?
Weather shapes and 1 Uniimited

i ] strueture

Expandable tor

Alr tgt occult ? Yes
Jammer occult ? Yes
Longer ranges ? Yes
Worldwide tilght ? Yeos
Seasonal eftfects ? Exce! lent
}xfonllvo dlagnostics ? Al
Commonal ity with B-32/ ? 908
Cc-130
Interfaco ? Computer to *
computer
interface to Indlicator ? Video ’
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5.2 DISPLAY CONSIDERATIONS

$5.2.1 Head-Up Display Considerations

The use of HUD to present sensor information to pilots is
becoming an increasingly common practice. 1In this situation
imagery obtained by LLLTV or FLIR is displayed on a CRT unit. The
image is then relayed through a collimating lens and is presented
to the pilot via a beamsplitting combining glass. The pilot views
the resulting imagery, apparently at infinity, superimposed upon
the out-the-window scene.

Incorporation of such a system presents some unique problems
in a flight simulator, the nature of which will be discussed in
the following paragraphs.

5.2.1.1 Integration of HUD and External Displays

_ The integration of the HUD with the out-the-window scenes can
pose problems depending upon the methodology chosen for the dis-
play of the external or out-the-window scenes.

Two of the most popular current methods of furnishing exter-
nal visual displays are curved screens or dome systems, and mirror
and beamsplitter collimating systems.

Screen systems are not truly collimated, but rely on using
radil of curvature and image distances sufficiently large so that
parallax errors due to pilot head motion are small. However, the
HUD (usually the actual aircraft hardware) is truly collimated at
infinity and hence anomalies are noticed with pilot head motion,
perceived as relative motion between the HUD and external imagery,
which can be crucial in weapons delivery missions.
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The solution to this problem can be found in modifying the
HUD optics to image the HUD at the same distance as the screen.
Such modifications can be simple for single glass systems in that
the HUD can be modified to refocus the displayed HUD image at the
screen distance, either by simple change to the collimating optics
or internal adjustment of the image display CRT unit in the HUD. !

In some cases dual combining beamsplitters are used in order
to expand the head motion envelope over which the HUD imagery can
‘be viewed. This case is somewhat more complex, since refocusing
can lead to double imaging in the zone of overlap between the
beam splitters. In general, the range of brightness available
from HUD units is more than adequate compared to the levels
achievable from the out-the=-window scenes. This permits coating
“¥. " of the combined glasses to reduce the double imagery to negligible
proportions,

When mirror and beamsplitter systems are used to yield fully
collimated out-the-window scenes one can only generalize as to the
compatibility problems posed by the HUD system due to the wide
variety of possible external display configurations. The out-the-
window imagery is usually collimated at 33 ft (0.1 diopters) as a
minimum, but in practice the center of the field near the HUD axis
is typically collimated at 60 ft; hence problems are rarely en-
countered in optical compatibility between the HUD and the out-
the-window scenes. The most common difficulties encountered are
mechanical interference and ghost images formed by spurious
reflections of the HUD image from the external display optical
components,

&

3 v T

These problems can be minimized by judicous selection and
placement of the external display systems.
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5.2.2 HUD Image Generation

'$A XS

'5ﬁi In cases in which HUD sensor information is displayed in i
iﬁ; conjunction with out-the-window images perhaps the most obvious

22,; solution is to display the normal acenery in the out-the-window

%ﬁf“ displays, The HUD imagery is then separately generated and

super imposed optically as in the actual.aircraft.

- An alternate possibility is to use a dummy HUD system, in ;
) order to preserve the cockpit configuration, but present an inte-
B ~ - grated composite sensor and out-the=-window scene in the external
Eif displays. The generation of such imagery presents difficulties in
gfﬂ CMS's and other systems but is a possibility in the case of CIG.
M
_ Conceptually the CIG system could process both the normal and
éﬂ' N sensor image picture element by picture element and within the FOV
%?;2' ; - of the sensor system display that element with the higher bright- '
J? | ness, Such an implementation will require that the HUD image
7 ' brightneas controls be supplied to the CIG so the pilot can _
ﬁf]f’ ' influence the sensor display imagery brightness levels in the same i
;f : manner as in the real world., The question of the cost effective-
ﬁ’ ness of such an approach is outside the scope of this study, but 4
' the technical capability is evident within the state of the art.
i
A 5.3, VIDEO PROCESSING
%
: 5.3.1, Scan Converter
¥ .
Eﬁ A scan converter will probably be a necessary item in the :
A simulated sensor system. Multiple video sources will be avail-
:. ’ able, such as from a CMS, a CIG, a radar landmass simulator and
‘{ probably various symbol generators. If these systems are oper-

.& ’ ating at various scan rates and if a common display device, such E
g as a multifunction display (MFD) is to be used, which operates at :
some fixed scan rate, then a scan conversion has to take place.

3 '
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An analog scan converter (CRT and camera) or a DSC (read and write
memory) could be used in this application. However, the radar
.-~ simulation presents another problem. If the radar video is gener-
"ated in a fixed format, such as a PPI scan, and if other formats
"such as beta scan or spotlight modes are desired, then the DSC has
'~ to be used. Coordinate transformations are achieved with various )
;v reading and writing schemes of the digital memory. For long term ;
;fﬂh;fappllcationa with maximum versatility, the DSC is the best choice.
{§1f~lndllabifili, stability, and the relative ease of implementing ,
" ‘future modifications make it more attractive, in spite of the g
_“‘higher -initial cost, than CRT analog converters, Some of the com-
" “panies which manufacture DSC's are Sperry Flight Systems (Phoenix,
'; AR),HHuqhes Aircraft Company (Culver City, CA, Cardion Electronics >
-1 (Woodbury, NY), and Interand Corporation (Chicago, IL).  Figure
~+  “5,3,1=1 shows a general block diagram of a typical system applica- _
R " tion.of: a DSC.. o

Ve
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Lo 2 ZA TN

et WSl - ia

..  The following special video effects can be considared for sen- p
sor simulation purposes. Some of these controls may be available
in present or future flight systems while others may be useful for
evaluation., They may be implemented by addi ig them to a DSC as
illustrated in Figure 5.3,2«1 or they could possibly be added to
some of the video generating systems such as the CIG, The special
effects are:

.

P Y o

1) Gain/polarity control - A gain factor of zero to two,
either continuous or in sixteen step increments, would
probably be adequate. This could be used to simulate D
sensor signals under less than ideal conditions and v R
could be controlled by the instructor or software. A .
video polarity reverse can also be incorporated with the
operator having control. This feature could improve B
display discernment under certain circumstances. _"
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2)

3)

4)

5)

6)

Noise generation - Under various conditions, the intro-
duction of random noise, may be desired for the more
realistic simulation of a sensor display. A variable
level of noise, from zero to peak white, could be
instructor or software controlled.

Thresholding - A variable threshold level could be set
by the operator whereby only video levels above the
threshold level would be displayed. A second mode could
also be available with only videoc levels below the
threshold level displayed. This feature could remove
gsome of the display video which may not be of interest.

Scene Modulation Sampling - Areas of a sensor display
could be sampled to detect the amount of video modu-
lation, 1If an area had low modulation (e.g., variation
of scenic detail), it could be deleted. This feature
would probably be used most often with simultaneous
gsengor presentations, where the video from another
sensor could be automatically substituted in the low
modulated areas of the primary video which was deleted.

Edge Enhancement = The edges of an object could be
sensed and made brighter in order to make the edges or
the object more apparent. The object with the enhanced
edges could be displayed in one mode or the object could
be deleted and only the edges displayed in an outline
only mode., The intensity of the outline could be made
variable with control by the operator. Edge enhancement

techniques could improve object recognition or detec-
tion.

Level/Density Slicing = The number of grey lcvels be-
tween black and peak white can be reduced in order to
make certain areas with many gradual changes in density
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y more apparent. This could possibly enhance certain

dinplay features, For cxample, if a system contained -

256 qgrey levels, they could be reduced by a factor of ;

eight thus making only 32 density levels available ‘

N instead of 256, Another mode of operation could limit .
B three different video levels at predetermined thresholds _

between minimum and maximum brightness levels. Video T

N levels falling within each of these intensity areas

R : could be displayed in a different color, resulting in a

o pseudo color display. The lower slice could be blue,

the middle slice could be green, and the upper slice

. [ could be red. This would probably be useful for

g infrared presentations,

'5.3.3 8Simultaneous Display

—
-

Past studies have indicated that it may be beneficial to view

more than one sensor video source on a single cockpit display at
one time. Simulated sensors such as radar, IR, and TV, along with
stored data such as cartography and aymbol generator video, are y
typical data sources to consider. A possible method of implement- .
ing such a task is to select one of the video aources and estab- -
lish it as primary video and select a second source and establish
it as secondary video. The secondary video would have to be pro=-
cegssed, 1f necessary, to match the format, line rate, fleld of
view, etc,, of the primary video and then mixed in such a manner
. that it would complement the primary video scene. The final scene
b could also include symbol generator data. A method could be avail- ;
W able to drive either a monochrome or color display with a pseudo .
‘ color scheme, Two DSC's would be an integral part of a simultane- |

’ ous sensor display system, A DSC might already be available in a ]
regular simulated sensor display system while a second DSC would N
have to be added for the simultaneous system. This additional DSC .
would contain a transformation module which would be necessary if
sensors with different formats were to be superimposed. Radar i
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video for example is normally presented as azimuth versus range,
while TV and IR video is presented as azimuth versus elevation.
Compensation for any other anomalies, such as line rates and FOV's
could also be accomplished with the scan converters.

Figure 5.3.3~1 illustrates the manner in which a monochro-
matic or black and white simultaneous simnulated sensor display sys-
tem could be implemented. Figure 5,3.3-2 illustrates a pseudo
color system,

Four examples of possible combinations for simultaneous
display are:

Primary Source Secondary Source
1) Radar (RLMS) Stored Cartography (Image
' Symbol Generator)
2) Radar (RLMS) IR (CIG)
3) IR (CIG) TV (CMS)
4) TV (CMS) IR (CIG)

In addition to the combined video sources, symbol generator
video can also be added. In a monochrome or black and white
system, symbols could be slightly brighter than normal peak white
video, or they could have a black outline, which would make them
more distinguishable if they were presented against a white back=-
ground, The inputs of the final summing amplifier could be easily
adjusted with the proper gain. The selection of the desired input
video sources could be either manually or automatically controi=~
led., The coordinate transformation would also be controlled de-
pending on which sources were selected. In a monochrome systen, ¢
the gain of the secondary channel could be slightly less than the
primary channel, This might give a less cluttered appearance to
the display and would let the secondary serve more as a background
re ference, The proper gain ratio could be set in the initial sum=-
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ming amp. In the color system, a suitable presentation could be
achieved by making the primary source green and the secondary
source blue, When IR is used as a secondary source, only hot-
spots could be limited at a predetermined threshold by DSC video
processing circuits and added to the scene. If only IR hot-spots
were displayed in the color system, they could be presented in
red, White symbol generator data would probably be satisfactory
even in the color system; however, if color symbols were desired,
they could easily be brought in separately to the final mixers and
appropriately keyed. The monochrome and color systems could eas-

ily be combined if desired since the requirements up to the out-

puts of the DSC's are identical.

5.3.4 Simulating Sensors with Video Processing

A Visual Sensor Simulator (see McCormick, W. et al, 1978) was
developed as an economical method for solving the problem of simu-
Jating airborne visual sensors for pilot testing., The system was
designed to present representative imagery and not actual target
signatures, but it has to be fully acceptable to the pilot., A
generalized.apprcach to this sensor simulation has as its primary
electrical signal input a TV vidicon that is responding to a vis-
ual scene generated either from a terrain modelboard, a motion
plcture, or a video tape recording.

The sensors considered were the FLIR, FLR, LLLTV, and SAR,
For realistic simulation the elements of scene definition, atmos-
pheric effects, and specific sensor characteristics must be
closely approximated., Scene definition includes resolution,
reflectivity emissivity, thermal inertia, and contrast. Atmos-
pheric effects include all noise and spectral dependent attenua-
tion effects. SNR, modulation transfer function, and signal
compression are included in specific sensor characteristics.
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The primary analog sensor simulator input is generated in all

%% cases from a TV vidicon; therefore, it is restricted to target re-
X flectivity properties., A correlation must be made between the

o - reflectivity and those target properties relevant to the particu-
 §§ lar sensor. Processing the vidicon signal which is assumed to be
% A noise free is generally accomplished by the addition of noise to

the signal, and by edge enhancement of the target to simulate hot
spots as in FLIR, and specular returns as in FLR and SAR coherent
radars. The processing continues with the simulation of the

ky

? linear transfer function followed by a zerc memory nonlinearity
(2ZMN) designed to simulate signal blooming, gray-level compression
N and target reflactivity, and emissivity effects.
Ny
oS
g In the FLIR simulation, complexity occurs in the accurate \

modeling of the scene's thermal emissivity. For accuracy in the
simulation, visual reflectivity must relate to infrared emissivitcy
‘a and also account for the thermal inertia effects., The reflectiv-
' ity and emissivity sum to unity, but the visual and IR wave-
lengths are different. Thus, in the FLIR sensor, this
relationship is not accurate; however, it gives insights into such
a relationship. The indication is that bright TV areas will
generally be dark IR areas. The simulation is done to reflect
this principle and there is no fast relationship between re flec-
tivity and emissivity. The thermal inertia effects are also not
taken into consideration.

In the simulation for LLLTV sensors, the sensor responds to
the same reflectivity as the vidicon. Thus, no distinction needs
to be made between the target and the background during proces=-
sing. A delay circuit is inserted after the modulation transfer
N function to provide for image lag effects and the final stage ZMN

Q could be adjusted for signal blooming.
N
b
. In FLR sensor, the ideal system would be a polar coordinate-
f based system, since it is desirable to display range and azimuth
3
N
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directions of the target. The system described is unable to
convert from the raster scan (rectangular coordinate) system to
;-?tho’éPI‘(polir coordinate) system, It is assumed that slant range
would be uniform over the area of usage of this particular system;
fthnréfore, the coordinate problems would not be significant and
,ghg :thangular scahned CRT would be acceptable.

o The 'SAR sensor was not included in the final system implemen-
| -tation._ It could probably be implemented, however, by simulating
“the microwave scone retlectivity with dedicated target and back-
wground ZMN'l. Edge enhancers would simulate the specular nature
_;;_ogﬁthe scere and the overall effects of shadowing.

, . Thc system described above was said to be acceptable to the
pilatn nnd ‘because ot its analog implementation there was scope
tor tho dov‘lopmant of additiona) capabilities. The system, how-
cv.r, suttorl from some major drawbacks. The system was designed
- to prclont rcprel.ntative imagery and not actual target signa-
'~? turol. The design study was based on various target signature
dntq bgt tho,coxrelation of sensor return for comparison with
target signatures was not included. In the FLIR simulation there
wqi no :lit relationship between visual reflectivity and infrared
“emissivity; therefore, the sensor is subject to errors. 1In the
FLR sensors the problem of range was deemed insignificant and
therefore left unsolved. With these drawbacks noted the system
needs additional study to make it fully acceptable for advanced
simulation of these sensors.

S.4 VIDEO SWITCHING

g

Active solid state video switching can be accomplished by
basic off-the-shelf switching units which are available from
sevaral vendors such as Dynair Electronics, Incorporated (San

T

- s

gy Diego, CA), and Dynasciences (Blue Bell, PA)., These switching

" systems are generally expandable by simply plugging in additional
)

X
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[ modules., A typical switching requirement would be to switch one
'} of several different video sources, such as a FLIR or TV system or
i}; an alphanumeric generator, to a particular output, such as a dedi-

o cated line or a multifunction display. This type of application
'§ is shown in Figure 5.4-1A. A further expansion of this type of .
{ system application is shown in Figure 5.4-1B. ¥
L -
A B Figure 5.4-1A can be considered 3 by 1 switching matrix. Any i
J-. of the three inputs can be placed on the output with the appro- f
B priate control input. Figure 5.4=1B can be considered a 6 by 2 .
':;" ' ‘matrix. Any of the six different inputs can be placed on either )
§" of two outputs. As an example, a Dynair switching unit can i;
-%: accommodate up to two 6 by 5 switching matrices by plugging in the i
fi full complement of switches (12) and output amplifier modules '\
B (10). i
N - f
'E‘i A dual 6 by 5 matrix can be represented by the illustration '
g: in Figure 5.4-2A., By interconnecting the switching unit as shown
L in Figure 5.4-2B, an 11 by 9 matrix can be created., It becomes
Q;zi apparent that various switching posaibilities can be created by .
k : various configurations of the switching units. The control inputs K
b can be driven from switches or can be computer (logic) controlled. c
Switching unit bandwidths from various manufacturers are typically ‘
? in the 20-30 MHz range with switching speeds of about 5 usec. :
; :
3 5.5 VIDEO INSETTING .
ﬁ Electronic methods for insetting one TV image into a second :
? TV image have been known since the early days of commercial tele- A
Q vision, Also known as a special effects system, this method
’ switches two synchronized video signals so that a portion of one }
g signal appears as an inset intc the other., The switching signal :1
-i ! that causes this inset may be derived either from externally K
o generated electronic waveforms or from the amplified and clipped '
g output of a video signail. v
" 191

> ;h ;
Py - - : _ e ATt e e e .

e T T NS B N e Y e S A T




~ PUTER
c,%nl L ] 1,,,‘“;,, |
0!”““’0" LLTV CONTROLS. - | .
: NPT "'F—‘—
o . ouTPUT MULTIFUNCTION
L : | > mzrcn AMPLIFIER] DIBPLAY s
R . costRoL_ | |
[ INPUT )——r——-J I
- BYMBOL | ALPHANUMENICS TWITCH
| “GENERATOR ' CONTROL | 3 VIDED |
— INUT —%  SWITCHING UNIT |
S CONTROL R
- INPUT
PN W 1A OUTPUT MULTIFUNCTION
" COMPUTER e ———> anpLiFiErt——el "UTIEAS
S IMAGE 1 1 NO. Y
-QENERATOR |
e ' " ' outPu MULTIFUNCTION
: S i DIBPLAY
A ”m;'m"l! NO.2
e T CONTAOL |
NN | |
T _ NI T
AR . ] " |4 |
CONTROL
_ INPUT |
<} mADAR RADAR ! W 4A
KCAN ~ —1 |
| -coNVERTER |
SYNBOL
OENERATOR |BYMBOLS | e e |
NO. Y I 1] |
CONTROL l
INPUT
SYMBOL
ooreOln [ALPHANUMERICS | [owen ] |
NO.2 | 68 |

CONTROL ) _._? '
VIDEQ
INPUT SWITCHING UNIT

Figure 5.4-1 SYSTEM APPLICATION FOR VIDEO SWITCHLNG

192

v

b ] A EANRTAE




OUTRUT ouUTPUT
VIDED VIOED

ouTeut
‘VIDED

INPUT ViDEO INPUT VIDEO

Figure 5.,4-2 SWITCHING MATRICES

Video insetting is the technique of presenting video from two
different sources on the same TV raster, Each video is mutually
exclusive of the other, i.e,, only one is displayed at a time, and
the area of the TV raster covered by each video may be variable,

Simple video insetting could take the form of a split screen
(one video source on the left of the TV, another on the right).
This is not really insetting, but the technique is the same. Two
videos are essentially put through a SPDT switch, with the switch
position determining which video is passed., 1If an electronic
switch 18 used, the timing of the switch position signal will de-
termine which video is presented where on the final TV picture.
To be effective, the switching between video should occur at fast
rates, typically within a fast sweep resolution element. The fol-
lowing are types of hardware which can be used.
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1) Field Effect Transistor (FET) Switches (Figure 5.5-1) -
Only one FET is on at a time, passing only one video.

YA DRI

It suffers from relatively slow speed (approximately 150
ns) and feed-through caused by the FET capacitance. p
2) Dual Video Amplifier (Motorola MC1545) (Figure 5,5-2) - :

The MC1545 video amplifier has two inputs but only one Yo
output. The two inputs are modulated by a gate input }
arranged so that when the gate is at +1.,4 V, input A has 3
full gain while input B has zero gain, When the gate is -
at O V, the opposite is true - full gain on B, zero gain
on A, Haltfway between 0 and 1.4 V, both videos have the
o same gain. The inputs are summed internal to the

W . - - MCl545. The resultant output is then:

(Video A) x Gain (Gate YOitage) .

(1.4 V - Gate Voltage)
l.4 h

B e

&“j L (video B) x Gain
% ' : If the gate voltage swings from 0 to 1.4 V (or vice

"~ versa) the MCl545 will act as a switch. Switching time )
is approximately 10-15 ns.
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Figure 5.5-2 DUAL VIDEO AMPLIFIER SWITCH
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3)

4)

Transistor-Diode Gate (Figure 5.5-3) - A transistor and

diode circuit can also be used to gate the video. 1If
Gate A is held at ground potential, the video from emit-
ter follower Ql will pass through CRl and CR2 to the
summing point. If Gate B is at B+, the diodes CR3 and
CR4 will be turned off, inhibiting video B, For Gate B
at ground and Gate A at B+, the opposite is true. With
this circuit if both gates are at ground at the same
time, the output will be the summed video rather than
inset video. By a judicious choice of components and

driving signals, switching can be accomplished again in

approximately 10-15 nsec.

Chroma-Key Insert (Figure 5.5-4) = The previous dis-

- cussion was centered around the insertion of one mono-
‘chrome video signal into another. Chroma-keying is

another way of electronically inserting a scene taken
against a neutral background into a separately generated
background scene. The scene to be televised is arranged
against a background which is painted in a saturated
color that is absent from the scene itself. The scene
is viewed by a television camera, whose output signal is
fed to a circuit which derives a binary switching signal
whose levels correspond respectively to the scene and
the background. A second signal source provides the
background signal that is to substitute the flat-color
background of the primary scene. The signals of both
sources are then fed to an electronic switch circuit
which must continuously decide whether the input signal
corresponds to the background or to the scene. This
requires the availability of a signal which must exceed
a certain threshold during the scanning of the back-
ground but remain below this threshold during scanning
of the scene. It is customary, although not necessary,
to employ a saturated blue background baecause this color
can be relatively easily avoided in the scene proper.
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& 5.6 EXAMPLES OF SENSOR SYSTEM SIMULATION

M ecription of simulation methodology of a couple of sensor
systems will shed light on the methodology of sensor system simu-
f%;ﬂ' lation and integration into visual systems, The LANTIRN simula-
bl tion at the Cruise Station Deaign Facility (CSDF) and the B-S52 y
%@ﬂ:filidtro-opticdl viewing system (EVS) simulation are chosen as
" typical examples.

g

f~fﬁfi §;6.i"-LANTIRN Mission Simulation

S The LANTIRN simulation at CSDF consists of four major
' 7, .building blocks:

T e
o IR

*fl) The A-10 simulator - provides a simulated aircraft base
. ... .for the LANTIRN Pod,
- 2) The PDP/11/34 Vector General Symbol generator = provides
A LANTIRN HUD symbology for -he visual display.
B . 3) SMK=23 - provides simulate. IR video for the visual
;ij3 , display.,
%‘":' - 4) Visual display - reflects the output of the LANTIRN Pod.

" The out-the-window display representing the LANTIRN pod
I output is a WAC window., Basically a WAC window consists of three
parte -- a curved mirror, a beamsplitter, and a CRT (see Figure
5.6.1-1). The imagery on the CRT is direct to the mirror via veam-
splitter. The imagery reflects back to the pilot (this gives the
apparent "infinity focus" to the eye).

Since the LANTIRN display is 30° wide the CRT raster is
compressed to give a 30° picture to the pilot. A

s AN

FLIR imagery is simulated by using a SMK-=23 camera model
system, The video is inverted and reflective paints are used for
signatures, A zoom lens on the probe permits an easy change from

-y

-

-
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a normal 60° field of view to the the requested 30°, Since the
initial simulated FLIR picture is good, the output is degraded by
adding electronically generated "true" fog (this takes into ac-
count visibility curves, altitude, pitch, bank, fog density and
7 ceiling, thus coming up with a fair represehtation of the actual
S aircraft FLIR.,

The HUD symbology is all created by the Vector General in
stroke form, The output is then scan converted (by means of a
camera looking at a stroke monitor) to 1023-line video and mixed
with the FLIR video before it goes to the display CRT.

The airspeed, heading, pitch bar, and velocity vector symbols
are driven directly by the aircraft parameter taken from the MK-I,
The maverick target, radar altitude, heading bug, TF command, and
heading command symbols are driven by a combination of aircraft
inputs and equations contained in the PDP=11/34, which also con~
tains an array of points representing the topography on the SMK-=23
belts from which radar altitude and T/F commands compute,

As can be noted in Figure 5.6.1-2, the LANTIRN simulation
is used as part of a full mission simulation; by adding to the
LANTIRN synthetic voice warning inserted into the audio channel,
RHAWS video is created by the Vector General and displayed on a
cockpit scope and maverick video created by a duplicate SMK-23 and
displayed on a cockpit monitor. The audio warning and RHAWS video
are matched to threats (hard targets) placed at specific points on
the visual scene. The audio and RHAWS video warnings are computetr
controlled and take into account occulting, altitude, and mission
scenario. Thus, 1f the threats are not protecting the target,

4 they may be visible but are considered not active and no warnings

are given,

R B B -
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5.6.2 B=52 EVS Simulation

Singer proposes to fulfill the requirement for both the B-52
visual and electro-optical viewing system (EVS) simulation through
application of a single advanced design DIG system. This image :
generation system is innovative in the hardware and software tech-
nigques used to achieve a system design capable of exceeding the
demanding requirements of the specifications. Figure 5.6.2-1 is a
diagram of the proposed EVS simulation system and Figure 5.6.2=2
-is an artist's concept of imagery and symbology as viewed on an
EVS display.

The proposed system will have the capacity to process and
display a total of 8000 potentially visible scene edges and lights
in a single frame time (1/30 sec). This total number of edges and
ligh.s may be shared in any combination between the FLIR and STV
displays during simultaneous operation of these sensors in the
integrated mode.

The EVS image generation system will employ a three-tier mem-
ory hierarchy to permit real-time access to a DDB covering 130,000
of éwmillion edges, The top tier of atorage is called regional
memory and will be composed of two 67-MB moving head disk memo-
ries, each covering 65,000 nmi2., Two disk drives parmit maximum
flexibility and ease of real-time expansion of the 130,000 nmi2
gaming area.

The second tier of memory will be composed of rapid-access
bulk-storage solid-state memory which holds the data in a 50 nmi '
radius about the aircraft. This memory is called district memory.

The third level of memory will hold data for a sector 11l4°
wide in front of the aircraft. Although the individual sensors
are limited to a maximum horizontal field of 24°, the 114° sector
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permits the horizontal scanning of the boresight for the steerable
sensors without the appearance of anomalies in the display.

The various DRLMS subsystems and their interrelationships are
illustrated in the functional block diagram shown in Figure

‘ 50602-30

The data base for radar will be derived from DMAAC Level I

"and Level IA data. Portions of the world will be transformed to
'"’.ﬁtovido an on-line data base covering at least 600,000 square nmi,

This gaming area will be stored on the DRLMS regional memory as an

"~ @levation file, a landscape reflectance file, and a reflectance

1ist file, FEach file will have multiple resolutions to provide

"-,,ghi spacified accuracies at the various radar ranges.

 As the aircraft maneuvers within the gaming area, district
memory will be maintained in real time with a subset of regional

_m.mofy data that represents the area within the immediate fleld of

Qiow of the radar system, District memory will contain all the
cievation, landscape, and reflectance data required within a radar
range of 240 nmi for the long-range setting and lesser ranges for
the shorter-range settings., ‘

Also, a sector memory will be maintained in real time for
each type of data corresponding to the selaected radar range and
antenna movement,

A graphic representation of radar data flow 1s illustrated in
Figure 5.6.2=4.

The DRLMS on-line DDB will be formed by a digital data base
transformation program (DDBTP). In the on-line DDB, terrain ele-
vation data is established using a geodetic grid stiructure whose
highest resolution is 9 arc-sec (approximately 900 ft) between
adjacent stored elevation values. Intermediate elevation values
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will be determined within the DRIMS by a system of weighted
parabolic interpolation in the elevation retrieval process.
Radar-significant landscape features are established using a
geodetic grid structure with increments as small as 1.5 arc-sec

(approximately 150 f£t). The stored data volume will be reduced by
~ run=length compression techniques.

A data file is made up of an uncompressed list-structured
string of points, each point representing a rectangle of variable
length/width ratio, Each point can be rotated, and has a cultural

“"" elevation, a low-level special-sffects flag, and a 4-bit reflec-

'tivity code. Positional resolution of features in this file is
" 0.3 arc-sec, S8hould the user wish the accuracy of a selected
landscape feature to be better than depicted initially in the
~landscaps data file, the list reflectance file can be used to
- augment the basic landscape information. This alliance of grid
-and list encodement and processing methods allows for high density
of rédar-lignificant data without requiring similar amounts of
digital data in areas having few vradar=-significant features. Fur=-
thermore, it permits the realistic simulation of landmass returns
without the display of undesirable synthetic or cartoon-like anom-
alies characteristic of a data base consisting of planar or
faceted elemnts,

The on-line DDB is stored in a memory hierarchy as illus-
trated in Figure 5.6.2=5, As data progresses from left to right,
data rates increase while data volume decreases. As a result,
memor les are selected at each stage to provide the best tradeoff
amonyg volume, speed, and cost.
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6.0. CONCLUSIONS

?}‘6;.1"} ' GENERAL

. This study has analyzed FDL's sensor simulation requirements,

}“ihypical sensor characteristics, and simulation technologies appli- ‘
;\lblp to the sensor simulation problem. It is apparent that no
roi!—tho-lholf solution exists for the total problem and conse-
fqulntly some new equipment will have to be purchased or possibly
: ven dovilopod. This is not an entirely unexpected result since
ftho limulation industry has only recently been driven toward

. .solving ‘the problems of sensor simulation and therefore solutions
75ﬁ_ﬁiruhi£ill'1h infancy stage. We can expect that as sensor simula-
tiou matures, its capabilities and characteristics will be
””“QVQIOPQG and ratincd in response to specific requirements,

, ,f'fj"tn"thil”light. this report has demonstrated three important
| f;“!lctl. First, sensor simulation has emerged and can be expected
N5 dcvllpp an e distinct simulation technology. Second, FDL must
U develop sspsor mimulation capabilities expeditiously in order to
.. be rulponlivn to sensor related advancements which are emerging in
, 'tlight control technology. Third, FDL must continue to develop
#7 '{ite capabilities in parallel with the growth of simulation tech-
nology. The practice of procuring only proven equipment has obvi-
ous myrit, but with its chartered task of analyzing crew workloads
in mission-associated tasks using advanced sensor equipment and

v .. .developing contrel systems and utilization techniques, FDL cannot
' afford to wait until the simulatinn technology fully matures.

Beyond the fact that FDL must assume a degree of risk, the
future for sensor simulation and correspondingly FDL's ability to ‘
develop advanced sensor simulation capabilities appears extremely
promising., This optimism is derived from the knowledge that vir-
tually every basic aspect of sensor simulation can, to varying
degrees, be feasibly produced by extracting capabilities of
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existing technologies. The basic problems to be overcome are put-
ting these capabilities together and expanding on their content
(Lie., data base expansion and sensor signatures)., FDL may well
be one of the first to develop a full sensor augmented mission
capability for an advanced fighter aircraft. However, FDL's ini-
tial development will be closely followed if not paralleled by
similar development in the training sector as the U,S, Air Force
Simulator Procurement Office (SPO) seeks to upgrade its simulators
with the sensor capabilities being implemented in the parent air-
craft. One such possibility is the incorporation of a LANTIRN
simulation in the F-16 Tactical Flight Simulator. Other sensor
systems which need to be simulated are TADS (Target Acquisition
Designation Sight) and PNVS (Pilot Night Vision Sensor).

6.2 BSENSOR TRENDS AND SIMULATION TRENDS

The basic relevant segments of sensor augmented missions have
been shown to be penetration, target acquisition and identifica-
tion, and weapons delivery. The sensor augmentation for high= '
speed, low=altitude penetration is precision navigation including
obstacle avoidance, location identification, and electronic
warfare activity. TA/TPF simulations were accomplished in the
early 1970's (in the F-111 ARIMS). DRLMS is well proven for
navigational real beam mapping. Increased data base resolution,
modified access hardware, and possibly the incorporation of scan
conversion memory should facilitate DRLMS expansion for DBS and
SAR realizations. Also, by the nature of its data base, DRIMS is
inherently adaptable to TA/TF,

Electronic warfare has been simulated to some very elaborate
levels, There appear to be no technical problems associated with
applying known EW simulation techniques to sensor augmented mis-
sions. Initial sensor target acquisition is usually accomplished
by radar at ranges greater than practical for E-0 acquisition.
Air and ground targets accompany most DRIMS configuration., At
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'}j closer ranges, handoff is made to E-0 sensors for target identi-
%ﬂfwr__tication and subsequent weapons delivery. CMS, film source, and
- DIG targets of E-O quality have been generated in various training
,{_  simulators. Providing the proper IR signatures appears to be pre-
i dominantly a problem of determining what the signature should be.
qg;', Various methods exist for inserting target presentations into sep-
Bl ;. arate sourced background video. When automatic target identifica-
;;?;mf:tionfbdcomns a reality, the simulation problem will be easier

""7 mince the computer will always know the identity of each target.

: 7. Both natural and tactical environmental factors are included in

} ... most current tactical visual systems,

gfi  i "~ In'veality, when simulating sensor augmented missions, it

BN~ will ba the correlated visual presentation that will present the
v more dramatic challenge in terms of existing technologies. This

@uf *,rchrt'hal noted the drawbacks of both DIG's and CM8's when used

'fmvforfiow-nltitudo missions. Distance and speed cuing do not affect
- sensor simulation, however, since by virtuwe of their two-dimen-

' sional displays, sensor presentations do not facilitate such

£

e

§¢”' cuing. -

3 Earlier sections of this study discussed various sensors and
.their characteristics. 1t was mentioned that sensor technology

fé (especially radar) was mature in principle and that major advance-

K ments will come in areas of signal and video processing. The

4 trends and goals are to carry computer aided processing to a point
where only symbolic data is presented to the crew in an MFD. This
X  is an obvious result of ongoing efforts to reduce crew workloads
ig: and these efforts, in turn, will have a significant effect on

o simulation hardware.

As the need for real-world video is diminished, the computer

“©<
<.
L

"

E* image generator becomes more prominent and the film, tape, disk
i and camera-model systems become less significant. In the short

. term, this may have little impact, but in the long term, as these
Y
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processing techniques are implemented in operational hardware, the i

. simulation facility will have to respond through the acquisition .
N of CIG aquipment. :
N )
k These facts must be considered along with trends in simula-
g [N tion technology in planning facility expansions. The CIG, al-
B though it is a rather new addition to simulation technology, has

i:'V proven its capabilities and is unsurpassed in some areas such as

A flexibility. The bulk of currant research and development budgets
.f?- in the simulation industry are directed toward improving this tech-
B nology. It follows, that although eignificant limitations still
A exist in generating and using the computer generated images, these
ﬁ. problems will be solved and that any long term facility expansions 3
% must seriously consider CIG as a primary image source. ;
-g' 6.3 SUMMARY OF IMAGE GENERATOR CHARACTERISTICS (
g The salient characteristics of the various sensors and the

; different image generation forms are summarized in Tables 6.3-1
i through 6.3-3, These tables provide at a glance a comparison of
:q what is required for simulation of the sensors and what perform- .
@ ance paramsters can be realized by each type of image source. .
. 6.3.1 Camera Model .
s _ ;
3 Most LLLTV and FLIR systems have pictorial content compatible E
- with camera model boards. However, most sensor systems have rela-

| tively narrow FOV's, down to a fraction of a degree., These FOV's
3; view are not practical to simulate with optical probes due to
;] diffraction limitations and depth of field requirements., Thus .
' . CMS's systems will only be applicable for a limited number of E-0 ;
i sensor devices, or may be applicable with restricted performance
Eﬂ . capability. A second restriction of CMS's lies in their rela-
o tively small gaming area. This imposes a limitation on the type
) and extent of mission simulation in which they can provide a
ﬁ use ful output for mission analysis,
"
)
N .
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Table 6.3-3 RADAR

PERFORMANCE
PARANETERS

‘Pidellty of azlmuth

, Fideility of vertical
‘antenns

_Fidellity of pulse
' stretghing

' fﬁ*Torgof‘

-1 sescons

Janaers

Fldeallity of veather
i-oééhor wer
:Vﬁhofhor levels

Weuther shapes and
structure

,VI{‘.,oNCopoo tor

| Alr target ocecult
Jammer ocoult
Longer ranges
Woridwide t1i1ght

Seasonal eftects

Extensive diagnosticse

Commonality with B-%2/

c-130

Intertace

intertface t0 Indlcator

S IMULATOR CAPABILITY

SENSOR PERFORMANCE ANALOG
Excellont Inadequate
Excel lont Good
Exceollont None
Requl ~ed None
Regqulired Nona
Required ?
Unlimlted
Unilimited ?
Untimlted ?
Uniimited ?
Required ?
Required ?
Required ?
Required ?
Untimlited ?

N/A 1

N/A 4

N/ZA b4
Video ?

DIBITAL
Reslistic
Excollont
Exceollont
Yes

Yoo

Yo
Exceltont

50k nml2 oroai
7

Uniimited

Yeos

Yos

Yeos

Yes

Exce!l lent
LYN
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Computer to
computer
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Table 6.3~3 RADAR (Cont'd) "

SIMULATOR CAPABILITY
PERFORMANCE
_ PARAMETERS _ SENSOR PERFORMANCE ANALOG DIOITQ_
s Resitional accuracy Yo resolution iimit >1000 ¢+ 230 t+
"Resoiutlon 30-300 ft 300 <250 ¢t
| Pes drite ' None ? None
T ~Data base chenge time N/A *>1 hr {need <3 min
A recallbretion)
“T-Miasion aren uniimlted 1290 by 1230 aml Unlimited
Retrleval ercrors ¢ 80 nal N/A 4 ami 0.1%
“oo ] cultursl tevels Nolse 1imited 7 16
o | oL .
tievation range Alrecratt Jimlted Sea Level -2,000 t¢+
T - -12,800 tt 30,000 ¢t
Elevation steps Uniimlted 96 4,096
e e Clevation step resolution 100 1t min 2 tt
L Sl Lo - 1,000 t+ max
& Data base update on-site N/A No Yes
R Data base quality N/ A Not Representative Best avalil-
' able |t DMAAC
used
‘i : Future and advanced data N/A None As Avallable
. bases trom DMAAC
L-« i
Resoiution expansion 10 t¢ No Yos
- possible to 100 tt
N Resalution and teature 10 ¢¢ No Yeos
Lt quel ity expanslion to
‘% 39 ¢¢
N
&35 Fidellty ot aspect Excel lent ? Excellont
L
- Fidellty ot low-level Excelleont ? Excellent
. Presentaticn
;{3 Fldelity of shedow Excel lent ? Excellent
A f' ‘ 1}
E;g Fldelity of siant range Excellent Gond Excellent
&
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: CMS's deliver a plcture which contains a high degree of

¥  rpealism., They present the closest example to real-world condi-

- tions of any visual system, having unlimited flight patterns (as

long as the pilot stays on the model board) and good detail

rendition., FDL currently has two CMS's available. One is a \
500031 scale model covering 12,3 by 37.8 nmi in area and one is a <
1500:1 scale model covering 3.7 by 11.7 nmi, The two units are

identical physically and both use color cameras. . The high detail

{1500:1) model has been color-coded to allow a simulation of FLIR.

- However, CM8's also have many limitations, the most obvious
being the limited gaming area, bounded by the physical size of the
,modelboard at a given scale. Other limitations include:

l) The limited minimum altitude which can be flown without
¥ : risking physical collision between the probe and the
N model. '

2) The limited resslution and depth of f£ield which can be
provided.

- o

3) Inflexibility in making data base (model) changes.

4) POV limitations for visual, out-the-window scenes,

et e

5) When correlation between two separate camera model scenes
is required, positional servo inaccuracies also become

§ significant because they are magnified by the scale of
g the models.
i
Consideration of these limitations and capabilities as they ¢ U

apply to the current problem of sensor simulation and the systems
i available at FDL is provided below.
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Although the gaming area of the camera model is limited, it
is poasible to program flight corridors on the model which will
effectively extend the gaming area several times, While this will
not entirely alleviate the problem it would provide some relief.
Looking to the future, the camera model could be joined with a CIG

o which provides extended gaming area runs while the model supplies
' high detail in a specific mission task terminating area.

The CMS's at FDL provide a 60° diagonal FOV. Although this
represents the normal field of view for CMS's it ls somewhat
reastrictive for many out-the-window visual requirements. This
could be improved on the existing systems only through an exchange
of probes.

- 'On the othe? hand, most of the E-O sensors being examined
have very small FOV's - in the order of 20° maximum down to a
fraction of a degree. Reducing the FOV of the probe presents no
technical problem. However, the system resolution is already

- limited primarily by the diffraction limiting effect of the probe
aperture, Thus, reducing the FOV will not be accompanied by a
corresponding desired increase in angular resolution, although
some increase would be realized through the associated increased
anguiar resolution capability of the TV camera and display. For
example, if the current probe image were to be reformatted to
simulate a 3° FOV only about 100 (or less) resolution elements
would appear across the image, making it appear grossly out of
focus. The probe resolution could be increased only by increasing
the pupil size.

This tactic, however, also results in a reduced depth of
> field for the probe in inverse proportion to the aperture diameter
increase. Further, enlarging the pupil also enlarges the optical
elements of the probe and could very likely constrain the near ap-
proach distance of the probe to the model even more than it is
now., Thus, resolution, either in absolute terms or in depth of
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field, represents the most significant deterrent to the applica-

tion of CMS to sensor simulation because one limiting parameter

can be improved only at the expense of deteriorating the other,

Figure 6.3.1-1 illustrates the interactive effects of pupil

diame ter and resolution, depth of field, and model approach

distance., -

Finally, there is the factor of image correlation in those
cases where two separate CMS's must be employed to provide reg-
istered images on a common display or contiguous set of displays.
Such a case could arise if one model were used to provide out-
the-window imagery and a second to provide FLIR imagery on a HUD,
for example. Although it is possible to achieve good correlation
with two carefully matched models and very careful calibration of
position and attitude servos with position feedback provisions to
- the computer, separate processing of a common video signal is per-
haps more practical. 8Such a capability would be provided by a
DAIS unit (McCormick et al, 1979), although with some compromises
required on the PFLIR resolution and IR signature representation.

Therefore, it seems fairly obvious from the above discussion
that the CMS of very limited utility in satisfying the require-
ments of sensor simulation., But with some modification, replace-
ment, and additions to the existing systems at FDL some useful
interim level of simulation could be realized. By the use of a
more advanced camsra model system similar to the Orbiter Aero-
flight Simulator (OAS) used at NASA's Mission Simulation facility
at Johnson Space Center, Houaston, Texas, together with a DAIS or
other spscial video processing unit, many of the desired perform-
ance paramsters can he improved over that presently available.
For example, some of the characteristic OAS performance parameters ‘
of interest here include:

1) Wide (120°H by 40°V) FOV imaged onto three overlapping
color camera channels of 46°H by 40°V each
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2) 1.0 mm probe pupil diameter with a minimum eyeheight of
4.2 mm (times model scale factor)

3) BScheimpflug correction for low-altitude £light

4) Resolution 9 arc-min per line pair with modulation in .
. :axcess of 108 in the corners of the field, with or
~ without full tilt correction

§) Probe attitude and gantry position feedback signals for
-~ ‘closed loop control through the computer

6), Full pitch capability from +30° to =88°, This CMS has

been replaced in the operational simulator with a CIG,
'~ and it may therefore be available to FDL on a surplus
C balii

, Attaining any one or all of these characteristics would re-
quire ropﬁacomﬂnt o! the existing probes with new units. The new
probe - ﬁhould have . an cnlargod pupil aperture to increase resolu-
- tion with the aperture being adjustable for different FOV's to be
simulated, either a goom mechanism or provision for inserting
auxiiiary lenses for various fixed magnifications, plus servo
feedback for computer interfacing to increase the accuracy of
line-of-sight positioning. An increased FOV for out-the-window
viewing would be highly desirable if the display could be expanded
accordingly.

6.3.2 Film, Videotape, or Disk Systems

While £ilm and videodisk systems have limitations in altitude .
variation, maneuverability, and image behavior that could limit
these simulation and training applications, their use in FDL re-
search may prove cost-effective. The systems have good static
image quality and high detail content. They would be useful for
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high- and middle-altitude flights, but could not be used for TF
applications. Most mission applications would require maintaining

& rather narrow flight envelope and heading constraint to avoid |
overextending the data base storage capability.

‘ The addition of new flight areas requires extenaive planning.
4T ,Th. cost of these systems is moderate, Since each picture con-

- tains a limited viewing window, practical constraints on storage
< ‘will limit the allowable flight envelope, including aircraft at-
.. titudes, to maintain the out-of-window scene.

'Aztypicgl videodisk or videotaps system is shown in Figure
643:72=1. The system operates as described in Section 5.1.2. The
pictures have been stored on the video recording medium in sec-
tions, The sections are recalled and placed upon the scan con-

. -verter, 'The scan converter then translates the picture according
~-to the ‘flight path using perspective transformation algorithms

~ based upon the position and attitude of the photograph and the
‘position and attitude of the airoraft., Thess transformations have
. twen accomplished in the past and are not considered to be a new
‘development,

Thess systems, as well as film systems, have a distinct ad=-

. vantage of being easily adaptable to any sensor signature or spec-
;i_» trum anlyses. Either multiple pictures can be taken using the de-
, sired spectra, or the picture can be reanalyzed with new informa-
Co tion added. The videodisk can be quickly changed (even though the
. . production of a new disk can be somewhat costly), and disks can be
{{ stored without undue space being occupied. The information is of

) )

s the real-world, and any location i{n the world that can be obtained
'_ . using photographic technigues can be simulated,

Ef ' Maneuverability is somewhat limite” by data storage consider-
ﬂ; ationas, £oq sven with video disk or tape technology there is only

& limited amount of data available per disk. Film tachniques are
of limited value due to the lack of aircraft manueverability.
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It would seem as if video techniques would be the answer to
presenting a wide range of sensor data. However, there are many
limitations still present with any such system. First of all,
there is a limited amount of pictures that can be stored on a
standard 1/2 hour disk, Since each picture could consist of as
many as 60 television frames, or two seconds worth of storage, a
disk would only contain 900 pictures, a decidedly limited data
base., Multiple disk systems could be used to overcome this
problem.

Secondly, each picture is "flown" through for awhile before
changing uniike the normal movie frame, where each frame is fresh
and corresponds to the velocity of the aircraft., Thus, the abso-
lute perspective of an object remains static during this time.
The sense of motion is obtained by "zooming" and maneuvering the
acan converter raster in a mode that portrays the proper image
size to the trainee and maintains the proper perspective. When
the image is switched to another picture, there will be a dis-
continuity in certain objects due to a sudden perspactive shift,
and probably a slight position shift dus to both perspesctive
changas and alignment error, While some of these anomalies may be
eased by various technigues to prevent flicker, there will be a
change in the image quality at this time. Obviously, one way to
reduce some of thase errors is to have more pictures, which cuts
down the gaming area per disk and increases data base costs.

' The third limitation is caused by the perspective transforma-
tions available to modify the picture. There is no knowledge of
the vertical content of the pictures = hills, trees, towers, moun-
tains, etc. The perspective transform is based upon a "flat
earth" concept having no vertical relief. Even though all flat
area will be shifted and transformed in perspective, all vertical
objects will alsc be skewed, tilted, and zoomed, causing them to
appear distorted,
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The perspective transform has still another limitation in

- that it forms a mirror image around the horizon line, Normally,
this forms no problem since the upper part is cut off electroni-
"cally and replaced by sky. However, if any object begins to ap-
. proach the horison or lie above the nominal horizon line, as would
f;;ﬁ! the ‘canse when the picture is taken at low altitudes, a mirror
... ~distortion would appesr and cause disorientation. 8ince the per-
" spactive algorithms are centered at the horizon line, an object
i -which appears above the nominal horizon line (hills or mountains,
“  fdtc;)~clnnot be made to drop below the horizon line as would be
jfﬁghQ?diin”ll'tho'aircratt began to gain altitude to avoid the ob-

~ struction. The object appears to grow as the aircraft climbs, or
~-shrink in altitude as the aircraft lowers., The result is a start-
"7 . 1ing loss of orientation for the viewer. Thus, these systems are
"fLQ;iLQQ$¥qe@plt$blc for simulating low level terrain following tactics.
. "The plotures must be taken using a stabilized platform,
~usually mounted in a cradle in a helicopter. The pictures must
_ .;~_;;hanbofo|:|£u11y processed to assure smooth transition from one
- frame to another. Thus the addition of new gaming areas is not a
"7 simple or ‘a quick turr-around task, although it is possibly simp-
" ler than making a new model for a CMS or making a new CIG data
base .

The videodisk and tape systems have the advantage over CIG
systems of giving good;hotail and resoclution in the picture. How-
ever, many limitations exist in gaming area, maneuverability, alti-
tude simulation, and flight realism. These limitations, while
raising serious objections for some training missions, may be ade-
guate for FDL use, where pilot training is not the goal. Thus,
the videodisk and tape system may prove to be a lower cost alterna-
tive to the CIG system if these limitations are kept in mind,

The videodisk and tape systems may be combined with CM8 or

CIG approaches. The camera model can be photographed as the
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model, even though care must be taken to assure adequate resolu-
tion and depth of field, which can be difficult due to the close-
ness of the camera to the modelboard.

Videodisk systems as described may be adequate for sensor
displays that are black and white, While they may be stored as
color information using standard commercial color encoding, their
conversion to display format and perspective transformation re-
quires scan conversion., Due to the non-linear nature innherent in
scan conversion, the scan conversion technique regquires one con=-
verter for each color. Thus if a color display is desired, three
scan converters must be used,

The use of video disk systems for out-the-window displays is
limited by all the criteria listed. .

6.3.3 (CIG

Modern raster CIG systems provide 6,000 - 8,000 edges with at
least 256 levels of occulting., All manufacturers of CIG equipment
use a common system design but are not board-for-hoard interchange-
able, Current CIG systems are being gradually extended in capa-
bility, adding texture and other features that will extend the
apparent object density of the picture. CIG is the most versatile
of the image generation techniques, adaptable for simultaneous
generation of out=the-window scenes of any FOV, and any type of
sensor picture., ”

Section 5,1.5 discusses the use of CIG syscems for sensor
simulation in detail. All modern CIG systems make use of a common
design approach, and there seems little chance of any major break-
through leading to a new system approach over the next five years,
There will be new generationa of CIG announced, but these will
primaerily be undertaken to reduce hardware complexity, ease growth
capability, and increase scene content.

229




L T M R AL SR T NN B RN, (g S BP0 60

CIG has the inherent capability of being adaptable to virtu-
ally any type of display image, as long as it is raster scanned,
The pictorial results are coatrolled primarily by the data base
control, even though some features caused by spectral content
(e.g., IR images) are better controlled by some hardware modifica-
tions, : .

Many types of sensors have bean simulated by CIG in the
course of the development of the various types of migsion systems
including TF/TA. Thus, the background necessary to successfully
design a useful CIG system for FDL is present, These systems have
been mixed from the same CIG system, including out-the-window
color scenes, FLIR, and LLLTV.

~ CIG, since it is determined by computational means, has no

‘Tfl;comparablo problematic resolution limit and depth of field, other

than that defined by the arithmetic data base, Thus there is no
inherent linic on simulating any desired fleld of view for sen-

sors. - The problem present in CIG's is the difficulty of providing
‘detail under high magnification. The problem can be eased some-

what by judicious planning of the data base content, and using
multiple data bases, one for each typs of display. Moving targets
are relatively easy (even though the movement is presently some-
what restricted) and they are realistically occulted. Target
location is well-known, and the strikes &and destruction of the
target are quickly determined and depicted. Since the CIG imagery
is stored in computational form, it is possible to add spsclal
features and effects not possible with camera model depictions,
Image degradation, coma, and flare can be provided either with F
current equipment or in the near future. This capability should

be especially useful to FDL, where it would ke possible to modify .
responsas to experiment with different signature results.

Modern CIG's use state~of-the-art digital hardware. Since
digital hardware is being constantly upgraded and new capabilities




are being added, it can be assumed that future CIG equipment will
have more capabilities (texture, curved surfaces, etc,) and be
simpler at the same time.

The most difficult problem in the CIG is the generation of

o\ RN the data base. If each edge had to be hand-generated, it would be
- very difficult and very costly to design new data bases. However,
new technigques are constantly being developed to generate data
bases using automatic techniques that will greatly reduce costs.
DMAAC data is being used, but extensive rework of the data is
necessary to provide adequate visual correlation and smoothness.

Data base generation will continue to be the most difficult
YO area in which to ease costs. It is important for FDL's cost-
Jin ' effective use that the existing inventory of data bases be maxi-
. 3 -mized if a CIG is purchased. Existing data bases cau be upgraded
as needed., It would also be worth the extra cost to purchase some
of the new programs capable of real time feature growth, as des-
cribed in Section 5.1.4.

6.3.4 EW Systema

In order to define the simulation requirements for EW systens
a number of variables have to be defined. First, the type of sys-
tem to be simulated should be defined. The sensor characteris-
tics, Section 3.2.1.6, the sensor study SOW, and the 5-Year Plan
provide sufficient information to do so.

The following is a basic description of the generic airborne
EW sensor system to be simulated. This system includes:

1) Multi-antenna/rece iver (wide band rather than narrow/
. swept receiver)

2) Central processing unit for:
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Threat identification
‘Threat prioritization

Threat location
Field programmable threat tables

‘On-board computer interface for: -

_ TThféatidoppndont ECM interface mission/aircraft
=2t 0 Heapon dependent armament interface dependent

: ““Warning displays g

_ 35v1iualc'on shared multifunction display
7%f"Au£dlw]$hroat puluu trainu and special warning tone(8)

P _ﬁsThiﬁ lystam. duo to itu procolsing capability, will havae the
;g:output visual, display function separated from the rest of the
“”uyltam. Thim mlunl that only processed information will be dis-
ﬁplqyod 1n £orm of %, y located (relative to aircraft heading)
Jnymboll. In addition, the aural warning system will consist of
;yffﬁjT :both throlt pulse trains and special warning tones,

o - this simulation problem, They are listed below with their
/i advantages and disadvantages:

|

|

|

!

- Historically, a number of approaches have been used to solvs ‘
|

1

1) Fly aircraft against real world or simulated threats. l
|

} J : ADVANTAGES DISADVANTAGES .
’ a) Realistic a) Very expensive ’
ﬁ' < b) Difficulty in providing dense
y threat environment y
f} ¢) Training sacurity
3 d) EW system dependent.
Py |
@] |
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2) Entire aircraft hardware system receiving RF level
injected threat signals.

ADVANTAGES DISADVANTAGES

a) Simulation a) Expensive and cumbersome
‘yialds especially for dense threat
realism - System environments.

responds as in
real world (if
threat signals
are realistic)
b) Audio display b) Changes difficult since mostly
for free a hardware system,
‘¢) EW system dependent.

- 3) "IW'iythm processor stimulated by video level pulse
trains, processor driving the display.

ADYANTAGES DISADVANTAGES
a) Simulation a) Pulse train generation hardware
vealism good. must be flexible enough to

allow for changing threat
environment (pre ferably via
software).
b) Audio for free. b) EW system dependent.
c) Display driven
by processor.

4) Functionally simulated processor with special hardware
driving actue) or simulated display.
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ADVANTAGES DISADVANTAGES

a) least hardware, a) Audio must be generated

most flexibility separately.
can be system b) Can be difficult simulation

" indepe ndent., task if a particular proces- .
R sor is to be simulated, since

data on processor quirks is
rarely available.

ﬁﬁﬁfibn co}lolocting an approach, eho following FDL require-~-

;'fjfl),r Only one system is to be built, 80 non-recurring

“ﬁ7'uﬂﬂy-.&P‘ﬂdfturOI—lhOuld be minimized.

,"{li)7ﬁﬁmht simulated system should be generic) independent of
- ourrent or possible future EW systems or easily
modifiable to represent future systems.

”i-BS" Due to (2) awove, system does not necessarily require
‘super hi-fidelity simulation; simulated system will be
used in evaluating things other than EW correctness.

: 4) System should be modular and flexible in order to meet )
PDL and computational resources.

Approaches 1-3 above are all system dependent, i.e., they use
part of a real-world system, Approach 4 can be made system inde-
pendent if certain assumptions concerning the processor are made,
Approach 4 2l1so has enough flexibility to allow the simulation of .
the system to be implemsnted in stages. This implementation can
encompass anything from a simple warn systen to a dense emitter
0n§1ronmnnt syster. In addition since the visual display contains
cnly processed data, the display can be a simple low data content
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type. Thus, Approach 4 is the recommended approach for a generic
type EW system simulation.

A block diagram of a basic generic EW system simulation de-
: rived above is shown in Figure 6.3.4-1. The system consists of a
Lo R software~driven audio and visual display.

The software section consists of generation of a threat en-
vironment, threat detection/identification, and a display driver.

".The threat environment is simply a set of target kinematics
equationa. They determine, in body frame, the relative azimuth,
elevation, and range from the aircraft to the target. This sub-
system may be a simple system controlled by an instructor, or a
conplex mission environment stored on disk. The main calculations

- may be performed at 5 per sec, with the outputs extrapolated to
“the display driver output rate (perhaps 15-20 Hz).

The threat detection equations combine two major real-world
blocks. Here, the SNR characteristics of threat signal propaga~-
tion and the EW system receiver/processor are taken into account.
Here again, considerable flexibility is allowed by the chosen ap-
proach. The system can be a simple threat versus display cross
reference or a system that actually calculates real-world SNR
ratios and includes particular processor properties. In the
simple system, the processor can be assumed to be 100% correct in
its decoding process. Dstection may be based merely on threat
range, Thus, it can be seen that in this type of generic system
simulation, the simulated system can be made entirely independent
of the processor. This allows for a relatively simple system

’ simulation requiring emall computational resources, yet it does
not deprive the cockpit of realistic visual and audio display.
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The audio display can consist of a number of identical audio
circuits whose outputs are summed together for the aiccraft in-
terphone system. The ear is not as critical as an EW system
proce ssor and many corners can be cut in generating realistic
audio, Previous simulation experience shows that when this type
of audio system sums approximately 10 threat signals together, it
is difficult for the user to tell them apart. This leads to a
design where there are a limited number of audio channels, the
only provision being that when the channel limitation is reached,
the first signal (the one that has been on the longest) is re-
placed by the newest. This always alerts the user to the fact
that somthing new was added as a threat first appears; however,
with many threats audios present it is impossible to tell if
anything is incorrect.

This allows for the basic audio generatirg system to be sim-
ple as long as a sufficiently broad range of pulse trains can be
generated. The pulse trains do not have to be as accurate as
would be required for W processor inputs, due to the fact that
one cannot hear the difference., In addition, many processors
stretch the pulse trains for the audio output. Thus, the audio
system can consist of a set of identical audio generators that are
all summed for the final audio output.

The previously described simple system can be modified (ex-
panded) if a more complex EW system is desired.

This modification can be performed in steps, again allowing
for flexibility,

1) For one, the threat environment can be enlarged just by
supplying more computer resources, but using existing
equations.

2) As mentioned before, the detection and processor cri;

teria can be made more stringent.
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3) The threat environment can also be interfaced to a de-
vice to provide threat terrain occulting. Again,
flexibility is allowed. An algorithm with a random
number generator and local terrain roughness indication

" may be sufficient if only an ARIMS is available. It may

be possible to perform an actual occulting check in this
type of system depending on the capabilities of the
ARIMS flying spot scanner. If a DRLMS exists, the
systems can be interfaced to provide actual occulting
calculations.,

©4) A more complex EW simulation may alsc benefit from an
" "{nterface with an on-board aomputer for armament
selection and release on suppression aircraft; or an
interface to existing on-board jammers providing a
‘simulation of a power management system,

5) 'In addition, algorithms can be developed that make the
" . simulated aircraft interactive with the threat environ-
" mant.  This can be carried to the point where threat
weapons may affect the operation of the simulated

aireraft,

A block diagram of such an expanded generic EW system simu-
lation can be seen in Figure 6.3.4-2, It is the basic system of
Figure 6.3.4~-1 with a number of independent building blocks added
to provide the desired system,

The entire aystem can be designed to offer a large amount of
flexibility that is only limited by people or computer resources.

EW DISPLAY SYSTEM - Compared to a visual system, an EW system

display is a low data content display. The display is symbols or
characters of processed data rather than live video data (high-
data content)., In addition, since the decision making is done by
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o the processor and not by the air crew, the display is'usually

.- entirely (tims and data) separated from the processor. This fact,

" and the desire for a generic simulation, allow considerable selec-
. ~tion flexibility for the EW visual display. (The audio display
: ,L system has been described previously). The display is a mere X-Y
, position display of processed threats and/or means for an auto-
ﬁmltic lyntnm to display to the crew certain decisions it has com-
BN ‘manded, The display is not used by the crew to analyze video

‘.;-_5", d.t«‘ v

Th.no !lctl allow a display system to be selected with the
L following gonorll specifications:

_r*f-1)  Compact size (approximately 4 in. by 4 in.)

i) 7 Alphanumerics

.. "7'3)  Special symbols

" 7.% 4) Black and white (color not necessary)

'.-5) 1 to 20 Hs update rate (refresh rate of display is a
3 separate matter) '

, " These specifications are similar to many other cockpit system
dilplay requirements. This makes it an ideal candidate for a

" general type of display that can be shared for a number of simu=
lation requirements. The sharing may be mission-segment oriented
(EW during one part of mission, NAV indicator during another part
of the mission) or the Aisplay may be used for different purposes
depending on the simulation requirements.

The outputs of an EW processing system can be displayed ir. a
number of ways. Some of these are:

1) Warning lights A simple warn light versus reception
quadrant indication,
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: 2) Stroke writing Since a unique set of EW identifi-

D of symbols ~ cation symbols could probably be
used, this makes the display system
unique.

--3)- Raster TV A number of gtandard raster scan
' display aystems can be chosen. Selection

would depend on other systems with

RO L

v which this display would be shared.
& Sharing examples include EO on-board
i sensor, weapon display, or any air-

o craft system that matches selected
Q;ﬂ raster. Aside from the raster limi-

tation this system is fairly versa-
tile. Other raster systems could be
scan converted for display.

> ,
= o e
oAy -y

Characters can be via five by seven
N S A dot matrix generators. This is an

-fof;.; ' : overkill for the EW display, but

i S would provide versatility for

- sharing with many other high-data

content system displays.

& ~4)  LED dot matrix This would be a low-data content dis-
X play since resolution is 64 lines
per in. This is sufficient for an

% EW or NAV display and provides for

% future versatility.

," ‘..‘ ’

B 5) Digital Raster System would allow 1024 by 1024

‘Q Graphics (DRG) pixels which is more than sufficilent

for many displays. System would
only give two levels of intensity
(on or off) which I8 sufficlent for

S
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low-data content displays. However,
CRT and de flection would be suffi-
cient to display high-data content
when image generator is available.

R It'would appear that a combination of 4) and 5) above would
.:be the most versatile type of display. This system would be a DRG
" which can drive a 1024 by 1024 display (if available) or, on a 4:l

. -address compreasion (drop 2 LSB of X-¥), it can be used to drive a
.. LED'dot matrix type of display. This combination is also chosen

--wince. the bullding of a drive for an LED matrix would essentially

;,i;}bq iim£1j:1to the DRG but would offer more future versatility.

'Tﬁ-fifs.i,S"Radar Simulation

W . R
TR A
T Teda

"PDL has a model T-10 ARLMS. The simulator was built in the

v ~f1¢tn 1960's or early 1970's, These systems are film plate limited

:at '250° £t rllolution and improvements are difficult and expsnsive.

."..Modern DRLMS'@ provide a significant increase in performance and

, I;lgxibility.z A varioty of options are available in the modern
‘units which inérease the versatility of the units to allow them to

simulate many different types of radars.

€.3.5.1 Analog Radar Simulation

The ARLMS system now installed at FDL is inherently limited
by the £4ilm plates. The FS88 hus sufficient resolution so that it
is not a limiting factor is the system resolution., Any modifica-
tions or improvements to the T-10 type landmass system will be
vbry expansive and cime=consuming due to problems zssociated with
changes to the landmaas film plates (see section 5.1.5.5). 1In any
event, even if this cost burden is accepted, the performance of
this system will remain marginal due to the inherent limitations
of the analug design., 8Some additional gaine could he made through
modifications of the FSS deflection system. However, since the
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system is limited by the resolution of the film plates, only minor
gains can be expected,

If major improvements in performance are required the acquisi=-
tion of a digital system is recommended.

6.3.5.2 Digital Radar Simulation

Section 5.1.5.4 discusses the DRLMS approach. Table
5.1.5.4.6=2 shows the major advantages of the DRLMS, The digital
approach to radar simulation, like the digital approach to visual
scenes, provides great versatility in providing varied formats and
sensor characteristics. The performance of modern digital systems
meets most of the criteria of advanced radar systems like that of

“the C=130 and B=52, and the F-16 systems will be operational

within the next few years. Like CIG systems, no startling perform=-
ance advances can be expected over the next five years, but im=-

- provement can be expected in system simplification and a continued
- effort to update per formance.

While DRIM's have many limitations in thelr presentation as
does the CIG, the approach is still a vast improvement with con-
tinual rader advances. Wich the trend toward abstract symbology
being used to identify potential targets, the digital simulation
approach can be modified to adapt to new codes and presentation
with greater ease than an analog system. Growth will include new
approaches such as "look down" and "shoot down" weaponry that will
cause extensive changes in radar presentation, impacting radar
simulation, especially as applied by FDL., These changes can more
easily be absorbed by a digital approach than by analog.

6.4 RECOMMENDATIONS

The primary factors to be considered in establishing FDL's
sensor simulation capability are funding, the state of the art in
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both sensor and simulation technology, and facility schedules and
plans as outlined in the S-Year Plan. These factors are obviously
et interrelated but the funding profiles available to FDL are of
e “'brimerimpOttance. The available funds will significantly influ-
1 . ence the apprcach to and the sequence of facility modernizations,
. . Obviously, a major and abrupt switch to digital hardware such as
" -07G.and DRLMS will require large initial expenditures and cause
;“_hfIOngﬁhy'1ntcrruptions to facility operations, An alternate ap-
... - proach would be to use existing equipment to its best advantage
; ‘+~through a modification program end simultaneously begin the
iﬁlongfterm acquisition of more sophisticated hardware,

;'?i;E};In,reccgnit4on of these cost and schedale factors it is recom-
:i:f" m§nd¢sthét a multi-step approach to upgrading the sensor simula-

B ;gtlbn qépability-at FDL be adopted. A carefully planned approach
.. °7 will provide ‘useful simulation capabilities over the interim peri-
: ‘od required to funrd and acquire the ultimately devired facliities.
ool Tha first approach (i.e., completely modernizing the facility
ﬂjifﬂEQntptdouring new equipment) should be considered as the long~term
<+ goal.: The, conclusion reached during the study is that new sensors
. are amerging which provide a much higher capacity for information
.7."than present systems. These new sensors will demand new approach-
es to their nsimulation and reach beyond the practical and theoret~
ical limits of present or upgraded FDL equipment., The new
approaches will include an all-digital approach to sensor simula-
tion., New CIG equipment and DRIMS's will be needed to meet the
goals of the upcoming years. Although this represents the most com-
plete and technically sound approach, the acquisition costs are
high and the facility would not be responsive to immediate simula-

tion needs, as procurement would probably take as long as 2 to 3
years.,

The sequential approach recommended to avoid these problems
is as follows:
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1) Modify the existing CMS to gain IR and TV capability by
incorporating different paints of varying reflectivity on
the modelboard and different enhancement levels of video.

~2) Augment the existing T-10 ARLMS as suggested in 5.1.5.5

' and expariment with different combinations of varying
 levels of signals from the FSS scanning radar reflectivi-
*ty tfahupatency and radar terrain elevation transparency.

3) 8tart acquisition procedures for a CIG and a DRLMS.

'Items 1) and 2) are short-range goals which can be accom-
" plished at reasonable cost. A number of modification programs
47 could be considered for the CMS. The following recommendations
@Y ... ' are made to.upgrade the current FDL CMS's:
1) Optical redesign - Using Figure 6.3.1-1, and a knowledge
- of the mission requirement a tradeoff must be made to
arrive at a desired optical design. An optical system
could be configured with an iris to allow various aper-
tures to be used, or for economy purposes, the lens could
be scaled for a particular FOV and system resolution.

2) Optical probe servo upgrade -~ Useful image correlations
can bs obtained betwaen instrument and visual presenta-
tion by redesigning the servo drive package. The primavy
effort would involve adding position sensing devices to
each of the servo drive systems. This effort will likely
lead to adding more slip rings, moving of mecianical arms
to provide clearance for position sensors of adequate
resolution, and integrating closed loop feedback tech-
niguea either through the computer or through external

. electronic designs.
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3) Prohe protection - Low-level flight over general terrain
boards is very difficult with standard probe protection
" networks. Improvements have been made over the years in
implementation of probe protection schemes that account
for any cause of model or probe error in position. Much
effort hll been spent at FDL developing software pro- .
' ”tcction techniques, but this needs to b: supplemented by
- newer hardware protection techniques developed for modern
'~ camera model systems.

, Fiquro_6.4-l shows the physical packaging of the Probe
 Height Sensor (PHS) and how it is mounted on the probe.
jrho light is emitted by the laser, focused by the micro-

~ scope objective, and folded close to the probe "snout" by

" ‘the fold prism. After it strikes the modelboard it is
© gathered by the pick-up mirror, which folds the light
_' “through the bandpull filter into the lens, which images

S :,_;it,tq the linear array on the circuit board by way of a
S97L 0 fold mikror. The mirrors are used to keep the packaging

777" gdlome to the axis of the probe to reduce inertia and

avoid compromising the performance of the probe heading
servo. 8lip rings carry power into and signals out of
the PHS since th: whole device is carried with the probe

heading assembly.

4) Increased pitch mechanism - Since many ¢f the newer sen-

sors have large pitch control, it im vital to increase

the now limited pitch range by modifying the mechanisms.

8ince most technigues to increase the pitch control in-

clude adding a prism to replace the mirror, the impact of

the prism should be studied. Prisms usually are bulkier !
_ than mirrors, so servo control and board clearance are
% affected, It would be appropriate to design a replace- '
";'% able pitch mechanism to allow either a mirror or prism,
depending on the mission involved. A further step would
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be to have a series of mirrors to match the aperture
used in the system, since the gsmaller the mirror (and

"~ the smaller the aperture) the closer the probe can get
to the board.

5) .Increased system resolution - Many of the modern re-
i “yinions are designed around 875-line standard. The

-~ 77" camera and probe system should be upgraded to allow .

| .- performance at the 875-line standard, using some of the

. hewer ’ camera model techniques developed over the past 10

jﬁﬁ“ycqrn. The latest visual systems are 1023-line systems.

‘ "3f4In additton it io recommended that video processing capa-
bility be added. for sensor simulation. As discussed in
,“w.{qcr14or sections, this processing capability is avail-
- able/off the shelf and although there are some short
{comingp, it dool provido & cost-affective short-term

 simulation capability for most sensors, especially in
“J_,Jw';f;hhn IR dnﬂ I~O aategory. A more ambitious modification
'VifQTZﬂ'”-would be ‘to'acquira a new probe with more pitch capabil-
L 4ty and to ohange the system to color. A number of sys-
, tems of this type have been built and are in government
w7 inventory. The possibility exists that some equipment
might be available for these modifications on a surplus
basis.

This study has examined the details and limitations of CMS's
in great detail. It should be noted that these modifications do
. not solve the major problems of narrow FOV closeness ~f approach,
and correlation to out-the-window scenes and weapons.

v This study has also examined the de*ails and latent capabil-
I\ ities of the T-10 ARLMS8. 8ince this system is primarily film-
limited and since modifications to the tri-color plates are rather
expensive, any one-time modifications to this system which would
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generate significant performance gains are not considered to be
economically feasible. However, it is known that the U.S. Air
[;‘Qrotqgnhangmbark.d on a similar improvement program and it is

f‘;'hlthy recommended that FDL work with the appropriate U.S. Air
*ﬂjroron program office to reduce or circumvent development costs, |
. .. With the modifications proposed for the U.S. Air Force the T-10
. would brcome a useful interim tool for radar simulation at FDL.

, " Pinally, the lonq-range plan must be to acquire digital tech- ;
”nology throuqh a series of major acquisitions. The CIG should be
’prqouro¢ first to provide a replacement for the CMS and eventually
fl'DRLHS lhould be acquircd to replace the T=10,

EE Thil”lyltcmatic approach will provide immediate capability
éfthrbuhh'tho use' of existing equipment, will allow acquisition
fIQOltl to be distributed over longer time periods, and will allow
;;ﬁ*ll much time as possible for advancements in simulation technology
" before funds are committed.

6.5 COBT ESTIMATES

‘Table 6.5=1 gives some relative coat estimates for existing
havdware. These £1gurol are intended only as guidelines and
should not be interpreted as price quotations or even price |
estimates for a spacific product line. i

\

| Obviously, these costs will vary with options, modifications,
maintenance, and inflation, and therefore should only be used for 1
comparison of major system approaches.
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Table 6,5-1 COST ESTIMATES (MILLIONS)

| Felll CIG* 2.0
. B=852 CIG* 4.0
. |-. DRLMS 4.0
.| - ARLMS " (upgrade 1.0

| based on U.8. Air Force

R T=10 B~52D approach)

V5 e | CM8 upgr ade , 1.0
: v 1] -Burplus CM8 0.5

‘| adaptation**

»“5*jyﬂarﬂﬁdtq;only'--»doou.not include new data base efforts.
~ If.an;operational probe system is available.

1;;;;tﬁﬂgﬁjﬂh@%ﬂﬁjQrQOQmponlntl of the F-1ll CIG are frame calculator,
| scanline computer, video generator, CPU with peripherals, and a
_,data base.

e The major componants of the B-52 CIG are essentially the same
f ll that of the P~1ll CIG. The cost increase is due to improved

,”.""cenc quality with reduced scintillation and reduced aliasing.
““Seotlon 5.6.2 desoribas the methodology of B-52 EVE simulation.
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Diffraction Optics widen, brighten view
; in new Hughes Head-Up Display

e

A F e

For Further Information Contact:

Advanced Program Development :
Bldg R1/C331 v
Hughes Aircraft Company R -
P.O. Box 92426

N Los Angeles, CA 90009
Telephone: (213) 648-0485

| SAARRIOTA -
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Development

The Air Material Department of the Swedish Defense
Material Administration initiated the development of a
diffraction optics HUD in 1975 with SRA Communication
AB as the prime contractor and Hughes Aircraft Com-
pany as the subcontractor for the design and fabrication
of the optical portions of the HUD. Through this coopera-
tive effort the first fyable functional model of a diffraction
optics HUD was produced in early 1977.

More than one hundred flights with the diffraction optics

Hughes D HUD employs the unique concept of dif-
fraction opfics rather than the refractive optics used
in previous head-up displays (HUD). Diffraction
optics are true thin film lenses which are manufac-
tured by holographic recording techniques. With this
thin film lens technique, the collimating lens can be
built into the combining glass instead of using a com-
biner which is a partially silvered mirror as is the case
with previous HUDs. The diffraction ontics'combiner
allows use of a single combiner for [a-:« felds of
view. Spurious images and reflections are greatly
reduced or eliminated as a result of this thin film lens
and the single combiner.

IFOV LMNTED BY

COLLIMATING LENS $I1ZE

HUD installed in a Viggen test aircraft have been made. <
validating the basic design concept. The improvement in o
the combiner see-through. enlargement of the instanta- o
neous held of view and increase in symbol brightness )
have been favorably accepted. 6‘;
. o
£
©
Concept o
g
0.

COLLIMATING LENS
URlral ()

REFRACTIVF HUD

1FOV LIMITED BY
COMBINER SIZE

DIFFRACTION HUO

The Diffraction Combiner/Collimater Provides a Larger
Instantaneous Field of View.

173 D
BEST AVAILABLE COPY



Hughes D HUD with Combiners

Features

Large Instantaneous fields of view (IFOV):

O The collimating lens is as large as the
combining glass.

O Flight test D HUD IFOV is 20° vertical by
35° horizontal.

O Large, wide IFOV enhances capability to use
FLIR/TV video on the HUD.

O High efficiency with P-43 phosphor CRT is up to
three times brighter than previous HUDs.

0 Symbology is visible when flying into the sun.

OFLIR/TV video can be used over a wider range of
ambient light condiiions.

Improved “‘see-through’’ capability:

O Narrow spectral properties renders the lens prac-
tically transparent to the pilot's view.

{J Air-to-Air/Air-to-Ground Visibility is improved.

(JFlight safety is enhanced in low altitude-poor
visibility conditions. .

O,

(8
’

At ET, 1.
IR DO

Reduced obecuration:

TJNo support frame is required, only minimum
stabilizer struts.

O Targets and outside world are not obscured. No
need to look “around” support frame. 7

Lower life cycle cost:

0OThe CRT/HVPS components have been the
primary cause of system failures. Higher optical
efficiency reduces the required stress level on the
CRT and HVPS, resulting in improved reliability
and reduced maintenance requirements.

Operationally tested:

O Tested on “Viggen" fighter aircraft since 1977.

O Accuracy is validated.

O Environmental stability is proven.

O Sun Reflection s less than other HUD:.
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Comparisons
CONVENTIONAL  DIFFRACTION

OPTICS HUD OPTICS HUD
instantaneous 11.5° elevation 20.0° elevation
Field of View: 17.0¢ azimuyth 35.0* azimuth
Transmission: 70% B85%
Rellactance (Average): 25% 80%

Symbol Brightness (max): 1600 1L 5000 L
Conlrast Ratio

(10,000 fL ambient). 1.2 1.6
Raster Brightness: 400 (L 1.200 fL

Improved visibility of targets and temain

REFLECTIVE HUD DIFFRACTION HUD g40:
A 50% Y0 200 .

1 i
L] 00 [

% TRANSIISSION
]
1) ) 4
1 TRANSMISSION
5 8
g—

DIFFRACTION COMBINER IS MORE TRANSPARENT TO THE PILOT

Improved image brightness

REFLECTION COMBINER HUD DIFFRACTION COMBIER HUD

e

ﬂu- "we L . m‘t “we [
N Eé T

OIFFRACTION COMBINER IS3TO 4 TIMES MORE EFFICIENT

(2/ 293
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RUCHED AIRCNART CONIPANY

ALNOSPACE GROUPS
RADAR LYSTH LG GROUr
P.O. BOX 07426
LOS ANGELLS, CA 008

11/13/79
WIDE FIELD OF VICW DIFFRACTION
HUD DEMONSTRATOR UHIT
IHTERFACES: .
1. Stroke/Raster Mode Select +5Y “lLogic Level
2. X-Deflection (Stroke) +5V Into 75 Ohms
3. Y-Deflection (Stroke) +5V Into 75 Ohuns
A, 7-hxis (Stroke)/Dright-Up . 0/4+2.5V © Into 75 Ohms
5. TV Video (Raster) ©_ EID STD RS170 1 Volt Composite Video

Can be modified for other_dcflection or video levels, 'separate sync and video.
Assumes HAC suitcase is used for LVPS; lab. supplies may be substituted.
OPERATING PARAMETERS ' o |

1. Writing Speed:

Raster: Up to 30 psec./diameter
(~100,000 inches/sec.)

Stroke: 250 ysec./diameter
( ~12,000 inches/sec.)

2. Deflection Bandwidth (Small Signal):
Greater than 1.2 Milz

|
3. Deflection Setting Time:

Preceding Page Blank
Less than 2.5 wsec.
4, Slew Rate:
Faster Than 10 usv(:./dian‘mtm'
(- 200,000 inches/sac,)
' BEST AVAILABLE COpY




SELCE gl SR SR, = A8

5. Video Bandudilh:
Greather than 15 Mtz

6. "O‘WY‘ (HUD + Llectronics + LVPS):
60 Nz, 10V, 1A, 400 Watts

,_'\ VB gyv gt LV RN SN L) .rfA < n «
VO T RTINS, Ny A ..ﬂ“‘l“l"‘.“ »_ N l~' ]
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APPENDIX C

TEXAS INSTRUMENTS RADAR PRESENTATION
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UNCLASSIFIED oo
RANGE DOPPLER YAW CONCEPT

DOPPLER

RANGE

DOPPLER MEASURED PROPORTIONAL TO
DISTANCE OFF LENGTHWISE CENTERLINE

LICLASSITIED
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UNCLASSIFIED

RANGE DOPPLER PITCI CONCEPT

PITCH\

DOPPLER

307 g RANGE

DOPPLER MEASURED LY RADAR
PROPORTIONAL TO HEIGHT

UNCLASSIFIED
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. Y

AETMS PERFORMANCE GOALS

AREA STORED: 10,000 SQUARE MILES

ELEVATION ACCURACY: ¢ 30 FEET

UPDATE RATE: 15 tz. MAX

DISPLAY: 16 COLORS / 16 GRAY SHADES (MONO)
RECOGNITION: 256 LINES X 256 PIXELS

SENSOR INPUTS: GPS, RADAR, FLIR, LORAN INERTIAL
MODES :

STATIC MAP - VEHICLE MOVES
DYNAMIC MAP - VEHICLE STATIC
PERSPECTIVE

PLANVIEW

K1.3:
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APPENDIX D

U, S. DEFENSE NAPPING AGENCY DATA
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APPENDIX U

U.S. DEFENSE MAPPING AGENCY DATA

The U.S. Defense Mapping Agency has assembled digital mup data for
certain areas of the earth., Their source material includes aerial
photographs, topographic charts, remotely sensed imagery, and ground
truth information., DMA data is intended for such applications as
static mep generation, radar landmass simulation, flight simulation,
and cockpit displays for high-speed low flying aircraft.

The DMA supplies two categories of data: terrain and culture
files., A terrain file is an array of elevation values for a region of
the earth. .The sampling interval of the terrain is a function of
latitude (se2 Table D-1), The elevation array for each terrain region
is stored on magnetic tape at two different resnlutions., A culture
file holds the descriptions of man-made and ecological surface features
within a given terrain region. HMost feature types are represented by a
polygonal boundary and a coded description. However, the locations of
some features such as briiges, dams, walls, and pipelinesa are given as
polygonal lines, while others such as tall buildings and water towers

tﬂ are given as points.

i Culture polygons are assigned both a predominant surface material
.f: and a more specific surface description. The 13 general categories of
Eﬁ surface materials are given in Table D-2. As an example, the general

category assigned to a culture polygon may be trees. The particular
subclasses under this heading are orchard, deciducus forest, conferous
forest, evergreen, and mixed forest. Each tract of trees is given a
predominant tree height.
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TABLE D-1 DMA TERRA.N DATA INTERVALS

_ level 1 level 2
Latitude Latitude by Longitude Latitude by Longitude
.lO'.- 50¢ N=3 3 by 3 sec 1l by 1 sec X
50° = 70° N-8 3 by 6 sec 1l by 2 sec
70° - 75‘ N-8 3 by 9 sec 1l by 3 sec
75° - 80° N-8 3 by 12 sec 1 by 4 sec
80° - 90° N-S 3 by 18 sec 1 by 6 sec

TABLE D~-2 THIRTEEN DMA PREDOMINANT MATERIAL TYPES

1. Me tal

2, Part Metal

3. Stone/Brick
4. Composition
5, Earthen Works

6. Water

7. Degert/Sand

8. Rock

9, Asphalt/Concrete
10. Soil
11, Marsh
12, Trees

13, Snow/Ice




'{«; GLOSSARY OF ABBREVIATIONS AND ACRONYMS
P .
':;‘ A/D analog-to-digital

o AAH Advance Attack Helicopterv

?F. ADI automatic direction indicator

fL" AETMS Airborne Electronic Terrain Map System
uﬁfyhp AGC avtomatic gain control
.zﬁﬁil AXDS Advanced Integrated Display System

Ao AL Avionics Laboratory

:ﬂm AMRL Air Force Material Resaarch Laboratory .
¥ ARLMS analog radar landmass simulator

w AWAVS Aviation Wide Angle Visual System
) ccD charge-coupled-device

7: ccTv Closed Circuit Television

0% CEP circular error probability

CFAR constant false alarm rate

N Cip charge-injection-device
3%‘ . CiG computer image generator
}“ CMs canera model system

CpU central processing unit

y CRT cathode ray tube

:a CcTs Cartographic Technical Sgquadron

- D/A digital-to-analog

N DAIS Digital Avionic Information System
= DBS Doppler Beam Sharpening

3§ DDB digital data base

i DDBTP Digital Data Base Transformation Program
y DF direction finding

_ﬂ DIG digital image generator

mﬁ DMAAC De fense Mapping Agency, Aerospace Center
R DRG Cigital Raster Graphics

. v DRLMS digital radar landmass simulator

\ﬁ DSC digital scan converter

:§ DVRS Digital Video Recording System

B E-0 electro-optical

3
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aaa

i

. O EAR electronically agile radar 1
fﬁ ECCM electronic counter-countermeasures
b ECM electronic countermeasures
K EVS Electro-Optical Viewing System
) EW electronic warfare
Ei FDL Flight Dynamics Laboratory
b FET field effect transistor )
| FLIR forward-looking infrared .
ls PLOLS Fresnel lane Optical Landing System
”'3 ' FLR forward=-looking radar !
S ) FOV field of view
-B FSS flying=-spot scanner
N PY fiscal year
B GMTI ground moving target indication 3
2 GMTT ground moving target track
N GPS Global Position System
v;i HDD heads~down display 4
3 "~ HMD helms t=mounted display i
' HSD horizontal situation display :
l HUD . head-up display
N IF/FC Integrated Flight/Fire Control
e IF/WC Integrated Flight/Weapon Control
L M Inertial Measurement
a INS Inertial Navigation System
4 IR infrared
N IRST infrared search and track
~' ISIT Intensified Silicon Intensified Target
| Ive International Video Corporation
‘SE JTIDS Joint Tactical Information Display System
'ﬂ LAMARS Large Amplitude Multimode Aerospace Simulation
? LANTIRN Low-Altitude Navigation Targeting Infrared for Night
n LED light-emitting diode ‘
5 LLLTV low-light-level television
K LOAL lock on after launch
f LOTAWS Laser Obstacle and Terrain Avoidance Warning System
”
3
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LPI low probability intercept

LSAD left situation advisory display ‘
LSB least significant bit f
LSIG Laser Scanner Image Generator
LST laser spot tracker '
LWR laser warning receiver
S MFD multifunction display
.-“:Q MIIR missile imaging infrared
MOS me tal oxide semi-conductor :
MRI Monopulse Resolution Improvement i
MSLS Missile Site Location System |
MTF modulation transfer function
MTI moving target indication !
MTT moving target tract '
MYSTIC Multispectral Target Cuing
NOE nap of the earth
NTEC Naval Training Equipment Center
OAS Orbital Aeroflight Simulator
PA3s Passive Active Acquisition Avoidance System
PbO Lead Oxide
PHS probe height sensor
PMT Photo=Multiplier Tube :
PPI plan position indicator
PRF pulse repetition frequency
RAMTAC Radar Target Classification System 1
RGB red, green, blue i
RHAWS Radar Homing and Warning Systems
X RSAD right situation advisory display a
< RWM radar warning mode ;
g' SAR synthetic aperture radar 3
% SCAMP Scanned Motion Picture l
" SCR Silicon Control Rectifier !
- SDA Silicon Diode Array 3
E SIT Silicon 1ntensified Target
g SNR signal-to-noise ratio
N
379
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SOTA
SOW
SPO
STC
TA

TF

71
TOW
TSIS
™v
uTC
VAMP
VHSIC
VSD

w80
ZMN

state of the art

Statement of Work

Simulator Procurement Office

gensitivity time control

terrain avoidance

terrain following -

Texas Instruments, Inc. !
tracking, optical, wire -
Total System Integration Simulator

television

United Technologies Research Canter

variable Anamorphic Motion

very high speed integrated circuits

vertical situation display

video tape recorder

Weapun System Operator

zero memory nonlinearity
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